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Main Abstract 
This thesis begins with a literature review investigating the relationship between 
childhood medical conditions related to sleep disturbance and cognitive 
impairment. Three categories of medical conditions associated with sleep 
disturbance and cognitive problems are identified: Sleep Disordered Breathing 
(SDB), Primary Sleep Disorders and Childhood Epilepsies. Findings suggest 
widespread evidence of a relationship between cognitive problems in SDB and 
childhood epilepsies. Potential mechanisms for these associations include the 
relatively recent theory that consolidation of learning (CoL) taking place during 
sleep may be disrupted. 
Evidence that CoL occurs during sleep is mainly restricted to adult populations. 
This study aimed to replicate this research with both a sample of adults and a 
sample of children. Measures of CoL were adapted for children, and performance 
improvements overnight (CoL-N) were compared with those over an equivalent 
daytime period (CoL-D). Measures of IQ and self-reported sleep quality were 
included. Differences between CoL-N and CoL-D were not significant in either 
sample. However, post-hoc explorations revealed interesting observations 
regarding the modified measures and these will be informative to future research. 
The possibility of an association between sleep latency in adults and bedtime 
difficulties in children is also raised. Future research is recommended to increase 
understanding of CoL as this may have important implications for children at risk 
of learning disorders associated with sleep disruption. 
The thesis concludes with a critical appraisal addressing professional learning, 
methodological limitations and implications for future research. 
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The Impact upon Cognitive Functioning of Childhood 
Medical Conditions associated with Sleep Disturbance 
Sophie Thomas 
The impact upon cognitive functioning of childhood medical 
conditions associated with sleep disturbance 
Abstract 
This review explores the relationship between sleep disturbance and learning impairment in 
children. The focus is specifically on medical conditions associated with disturbed sleep. A 
thorough search of literature related to sleep and learning in children was conducted. The 
research meeting specified inclusion criteria was structured into three diagnostic categories: 
Sleep Disordered Breathing, Primary Sleep Disorders and Childhood Epilepsies. 
The review begins with a brief introduction and a description of the search methodology 
before presenting the research identified. Findings suggest there is widespread evidence of a 
relationship between sleep disturbance and learning both in Sleep Disordered Breathing and 
in Childhood Epilepsies related to sleep disturbance, with or without the presence of 
seizures. The evidence regarding Primary Sleep disorders is limited, though supportive of 
some associations with learning problems. 
Mechanisms accounting for the relationship between sleep and learning are discussed. In 
some cases there appear to be direct explanations for the cognitive impairments seen, 
however, in other cases cognitive difficulties appear to be at least partially attributable to 
sleep disruption. Ultimately, this review highlights the need for further research to better 
understand the relationship between sleep and cognitive impairment. Disrupted learning can 
have striking consequences for a child's learning and development. -Therefore.. this review "- - -. _.. -.. -.. 
supports a case for delivering assessments and interventions with respect to the cognitive as 
well as physical symptomatology, and for the provision of appropriate learning support 
where required. 
Keywords: learning; cognitive; sleep; obstructive sleep apnea; epilepsy 
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1. Introduction 
Childhood is a critical period for learning and development. Disruption of this dynamic 
process can not only lead to missed learning opportunities, but can in turn reduce the 
accessibility of further educational opportunities, and thus lead to a widening gap 
between such children and their peers. It is therefore important that we identify any 
factors likely to interrupt this learning process, and address them in a timely manner. 
Recently a significant proportion of research has begun to highlight the role of sleep as 
a key factor for learning (Stickgold _& 
Walker, 2005). Indeed evidence that sleep 
contributes to the consolidation of fresh memory traces comes from a wide range of 
experimental observations in adult populations (Stickgold, 2005). Research suggests 
that different stages of sleep may play different roles in such consolidation of learning 
(CoL) during sleep (Stickgold, 2005) and that qualitative changes in sleep architecture 
can be seen further to a period of learning (Gais, Molle, Helms & Born, 2002). 
Whilst research to date has been mainly restricted to adult populations (Stickgold, 2005) 
sleep may also play a significant role in learning for children. During childhood sleep 
undergoes many changes, as sleep states become more defined, sleep time decreases and 
sleep cycle length increases (Stores, 2001). It is particularly interesting that during 
childhood, when learning is most active, sleep time is greatest. Despite this only 
recently has research on CoL during sleep in children commenced. Studies hy. Gomez, 
Bootzin and Nadell (2006) and Gais, Lucas and Born (2006) demonstrated improved 
performance further to a night asleep on artificial language familiarity in infants, and 
German vocabulary lists in older adolescents, respectively. However, evidence is not 
unanimous as a study by Fischer, Wilhelm and Bom (2007) found children did not 
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display overnight improvements on implicit memory components of a serial reaction 
time task in the same way as adults, suggesting a potentially different role for implicit 
memory CoL in children to that in adults. 
What is evident, however, is that sleep is important for daytime performance. A study 
investigating the effects of overnight sleep restriction in healthy children found higher 
cognitive functions, such as verbal creativity and abstract thinking, were impaired 
(Randazzo, Muehlbach, Schweitzer & Walsh, 1998). It is not surprising, therefore, that 
children suffering medical conditions impacting upon their sleep, may also demonstrate 
cognitive impairments which in some cases appear to be at least partially related to 
sleep disruption. 
Consistent with preliminary fmdings that sleep is important for cognitive functioning in 
healthy, normally developing children, there is now a growing body of evidence 
suggesting a link between medical conditions related to disturbed sleep and learning 
disorders in childhood. Whilst reviews of the literature pertaining to the relationship 
between some specific conditions and learning can be found, these have not been 
integrated or considered together as a whole. In many cases this leads to attribution of 
the cognitive impairments to factors specific to the condition, when in fact similar 
learning problems are found in conditions of very different aetiology. Considering the 
impact of these conditions together allows us to consider any potentially similar 
mechanisms which could explain the learning impairments .. seen, .. 
including sleep.. .... 
disruption. 
This review, therefore, aims to examine and present the pertinent literature on the 
relationship between sleep disturbance and cognitive impairment in childhood medical 
3 
conditions. It also aims to highlight the importance of managing not just the physical 
J 
manifestations of such conditions but the impact upon childhood learning and 
development during this crucial period. 
2. Methodology 
The literature search comprised three distinct phases. An initial broad search was 
conducted in order to obtain an understanding of the literature. This was then utilised to 
form exclusion criteria for a more selective search strategy, thus narrowing down the 
large body of literature identified. Finally, once the medical conditions seen to be 
associated with sleep and learning disturbance had been identified, a search specific to 
these conditions was conducted to ensure comprehensive coverage. The process is 
described below: 
2.1 Search Strategy: Phase 1 The following search terms (Table. ]), selected to be as 
inclusive as possible, were utilised using three major search engines identified for their 
coverage of medical and psychological journals. 
Table]: Initial Search Terms 
Database 
Search Terms ISI Web of KnovAedge Pubmed Psych Info 
22612007 
Child AND sleep AND learning 128 450 214 
Child AND sleep AND memory 71 189 81 
Child AND sleep AND cognitive 211 376 261 
Child AND sleep AND development 405 1262 633 
PAPERS IDENTIFIED 4311 
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Results were merged to eliminate duplicate literature. Case reviews, letters and review 
articles not representing original research were excluded, although relevant references 
were extracted. For reasons of practicality, studies without abstracts and studies 
unavailable in English were excluded. Any inappropriately identified studies involving 
adult participants (over 18 years old) and animals were excluded using search engine 
filters and manual inspection. Studies of children less than two years old were also 
excluded due to the difficulty measuring cognitive functioning reliably within this acre 
group. A body of literature on the relationship between performance and the technical 
neurophysiology of sleep architecture was not included as it was considered beyond the 
remit of this review. 
2.2 Search Strategy: Phase 2 Remaining papers were reviewed by title, abstract, or in 
full where necessary. On first examination of the literature it could be seen that a large 
proportion comprised research focusing on the aetiology or management of a childhood 
condition, rather than the relationship between sleep and cognition. A further proportion 
involved studies of sleep architecture in medical conditions with reference to, but with 
no measure of learning. This initial review of the literature revealed the best indicator of 
the relevance of studies to be the inclusion of an objective measure of both sleep quality 
(such as a physiological measure or a medical diagnosis known to disrupt sleep) and an 
objective measure of cognitive performance (standardised cognitive testing or objective 
measures of school performance). Thus any remaining literature not including such 
measures was excluded at this stage. A list of the cognitive measures identified can be -- 
seen in Table 2. overleaf. 
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Table 2:. Cognitive Measures 
Test Description 
Auditory Continuous Performance Task Assesses auditory attention, by asking participants to indicate when a target word appears in a list of words verbally 
(ACPT) presented 
Benders- Gestalt Test (BGT) Evaluates visual-motor functioning, visual-perceptual skills, neurological impairment, by asking participants to copy 
nine figures presented on cards. 
British Ability Scales for Children (BASC) A wide range cognitive functioning measures allowing selection of scales tailored to specific circumstances 
Benton Visual Retention Test (BVRT) Measures visual perception and visual memory, as participants are asked to reproduce 10 designs, one at a time, 
from memory. 
Block Span A test of capacity to register visuo-spatial material. Children are asked to tap with their hand a sequence of blocks of 
increasing length as demonstrated by the examiner. 
Childrens Category Test (CCT) A measure of non-verbal concept formation, mental flexibility and problem-solving, independent of expressive 
language using a card sorting format. 
Childrens Memory Scale (CMS) A comprehensive assessment of attention, verbal and visual memory, short-delay and long-delay memory, recall, 
re nition, working memory and learning. Bottom of Form 
Clinical Evaluation of Language Measures a broad range of expressive and receptive language skills in young children 
Fundamentals (CELF) 
Continuous Performance Test (CPT) Three computensed, standardised, continuous performance tests including TOVA. IVT & Conners CPT.. 
Corsi Blocks Task (Corsi) Measures spatial memory span, in a similar manner to Block Span above 
Digit Span A measure of digit span memory, by repeating a sequence of verbally presented numbers in the given order and in 
reverse. 
Differential Ability Scales (DAS) Comprehensive assessment measuring verbal and visual working memory, immediate and delayed recall, visual 
recognition and matching, processing and naming speed, phonological processing, and number concepts 
Illinois Test of Abilities (ITA) Measures 12 functions employed in the acquisition and use of language 
Integrated Visual and Auditory Test (IVT) A computensed, standardised, continuous performance test requiring sustained visual and auditory attention and 
mental flexibility. 
Kaufman Assessment Battery for Children An in depth assessment of intelligence for children including verbal and non-verbal abilities 
(KAB) 
Leiter International Performance Scale A totally nonverbal test of fluid intelligence, not significantly influenced by the level and quality of the child's 
(LIPS) educational, social, and family experience 
Matching Familiar Figures Test (MFFT) A match to sample perceptual recognition test where a child is asked to select a drawing matching the sample 
presented 
Nepsy Comprehensive test battery measuring attention, executive function, language, sensorimotor function, wsuo-spatial 
ability, memory and learning. Identifies strengths as well as difficulties 
Peabody Picture Vocabulary Test-Revised A wide range measure of receptive vocabulary and a screening measure of verbal ability 
(PPVT-R) 
Ravens Matrices (RM) A non-verbal intelligence test Children are asked to choose which of a series presented fits the missing box to 
complete the pattern 
Rey Auditory-Verbal Learning test List of 15 nouns read aloud by the examiner for five consecutive trials. After each trial the child is asked to recall as 
(RAVLT) many words as possible, and then to underline the words in a story. 
Rey Complex Figure Test (RCFT) This is a test of visuo-spatial constructional ability, planning, and memory. Children are instructed to copy a complex 
geometric design and then to reproduce it from memory after a short and long delay 
Slosson Intelligence Test (SIT) Assessment tool designed to be a brief estimate of general verbal cognitive ability 
Story Recall A test of short-term memory for verbal material. Two stories are read to the children who are then asked to retell 
immediately the stories in their own words with no prompting and again after a chosen delay. 
Stroop Task A test of directed attention, where the reader must read aloud the word not the conflicting colour ink, thus inhibiting 
any automatic response to do the latter 
Test of Everyday Attention for Children Assesses selective attention, sustained attention, attentional switching and divided attention using every day 
(TEACh) materials 
Test of Variables of Attention (TOVA) A computensed test of attention designed in a 'game like' format 
Token Test (TT) Designed to assess verbal comprehension of commands of increasing complexity, using plastic tokens of varying 
colours, shape and size and corresponding instructions " 
Tower of London Measures planning and problem-solving ability. Also measures visuo-motor integration, spatial processing, and short- 
term memory, using three balls on a wooden peg board to form patterns matching stimulus cards presented. 
Trail Making Test (TMT) This is a test of speed of visual search, attention, mental flexibility, and visuo-motor skill. Children are required to 
draw pencil lines to connect a number of circles containing: 1. consecutive numbers 2. alternating letters and 
numbers, whilst maintaining sequential order. 
Verbal Fluency (VF) Children are asked to generate words beginning with the letter F in a 1-minute period. Repeated with letters A and S. 
Weschler Abbreviated Scale of An abbreviated version of the Weschler assessments, assessing full scale IQ comprised of both verbal and non- 
Intelligence (WASI) verbal subcomponents. 
Weschler Individual Achievement Test A measure of reading comprehension comprised of a list of words to be read aloud 
(WIAT) 
Woodcock-Johnson (W-J) A comprehensive system for measuring general intellectual ability, specific cognitive abilities, scholastic aptitude, oral 
language, and academic achievement 
Weschler Intelligence Scale for Children A battery of tests assessing intelligence, including verbal and non verbal domains, perceptual organisation and 
R, III & IV (HAWIK in German) processing speed 
Wide Range Assessment of Memory and Battery of nine subtests yielding Verbal Memory Index, a Visual Memory Index, and a Learning Index. 
Learning (WRAML) 
Despite a comprehensive search, only three categories of medical conditions were 
identified as being linked with learning problems and sleep disturbance. These were: (1) 
Sleep Disturbed Breathing (SDB); (2) Primary Sleep Disorders and; (3) Childhood 
Epilepsies. In the case of childhood epilepsies, not all were relevant to this review. 
Whilst at least 25% of children with epilepsy are described as having learning disorders 
(Aldenkamp, Apherts, Dekker & Overweg, 1990) there are a great many interdependent 
factors potentially responsible for this. These include neurological damage, educational 
disadvantage due to time away from school, absences or seizures in the classroom, the 
impact of anti-epileptic medication and the psychosocial burden associated with the 
disorder (Anderson et al, 2001). For this reason, only studies primarily concerned with 
the direct relationship between sleep, epilepsy and learning were included. These 
mainly concerned epileptic encephalopathies with characteristic electrical activity 
during sleep, such as Epilepsy with Continuous Spike Waves During Sleep (CSWS), 
Benign Epilepsy of Childhood with Centrotemporal Spikes (BECTS)Benign Rolandic 
Epilepsy (BRE) and Landau Kleffner Syndrome (LKS). 
2.3 Search Strategy: Phase 3 Once core literature had been established, each medical 
condition identified as pertinent to the relationship between learning and sleep was 
utilised as a keyword in the same search engines, alongside the terms learning, 
cognitive, cognition, development and memory. Using the `related articles' function in 
the Pubmed search engine, and the bibliographies of literature identified, related 
literature was screened. Other studies by the authors of pertinent papers were also 
considered. The 50 remaining studies identified were then graded Level I to V 
according to their scientific validity (adapted from Mitchell & Kelly 2005) their 
relevance to this review and the quality of measures of both sleep and cognitive function 
(see grading criteria: Table. 3). Studies with objective physiological measures of sleep 
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such as sleep studies (polysomnography: PSG) or electroencephalograms (EEG), and 
standardised cognitive assessments were graded more highly. Studies with 
questionnaire based measures of sleep were included in the final selection but were 
graded less favourably due to the subjectivity in self-report measures. Similarly whilst 
objective measures of academic performance, such as school grades, were seen as a 
measure of cognitive functioning, such studies were graded Level V due to the number 
of other psychosocial factors which admittedly impact upon performance in all arenas, 
but particularly upon school performance. Studies with self-report measures of 
cognitive functioning were not included due to their lower reliability and the availability 
of evidence gained using more objective measures. Those graded less favourably, 
without novel contributions, are discussed in less detail. All studies selected are 
summarised in Table 4. 
Table 3: Grading Criteria 
Study Grade Grading Criteria 
Level I Randomised controlled trials with a standardised cognitive 
assessment and a physiological measure of sleep quality (EEG or 
PSG) or a medical diagnosis of a condition known to be related to 
sleep disturbance. 
Level II Non-randomised controlled studies with a standardised cognitive 
assessment and a physiological measure of sleep quality (EEG or 
PSG) or a medical diagnosis of a condition known to be related to 
sleep disturbance. 
Level III Studies without a control group but with a standardised cognitive 
assessment and a physiological measure of sleep quality (EEG or 
PSG) or a medical diagnosis of a condition known to be related to 
sleep disturbance. 
Level IV Studies with a standardised cognitive assessment and a self-report 
measure of sleep disorder (e. g. primary snoring). 
Level V Studies with any measure of sleep disorder listed above but with an 
objective measure of school performance in place of a standardised 
cognitive assessment or with only partial testing specific to one 
domain e. g visuo-spatial memory. 
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Table 4. List of studies identified 
FIRST AUTHOR N POPULATION COGNITIVE TESTS CONCLUSIONS Grade 
1. SLEEP DISTURBED BREATHING 
Archbold 2004 12 SDB & controls IVT Children with mild SDB showed impaired executive functions (sustained II 
attention, vigilance, mental flexibility) but were no different from controls in 
general 10 & readin g ability 
Avior 2004 19 OSA TOVA Data suggested that treatment of OSAS with T+A results in significant III 
improvement in objective parameters of inattention and impulsivity. 
Beebe 2004 OSA & Controls Measure of IQ. Marked relationship between OSA and attention/executive functioning. Minimal 
verbal memory, effects on IQ, verbal memory, processing speed. No relationship between II 
processing speed cognitive functioning & indexes of hypoxia or sleep disruption. 
Blunden 2000 32 PS & controls CBCL, WPPSI, PS group demonstrated reduced neurocognitive performance, specifically lower II 
WRAML scores on memory, attention & 10. 
Carvhalho 2004 1180 SOB & other Bender Visual Motor As a whole, children did not present with cognitive dysfunction 
slee disorders Gestalt Test-BT III 
Carvhalho 2005 1180 SDB & non- School performance Sleep-disordered breathing, grades, and starting time to school interact to affect 
respiratory cognition in Brazilian children. V 
disorder 
Emancipator 635 SDB PPVT-R, KAB, CPT Children with SDB had poorer scores on almost all tests of cognition and II 
2006 achievement though not as great taking SES into account 
Friedman 2003 41 OSA & controls WPPSI Children with OSA had lower scores compared to controls preoperatively which 
improved to level of control group postoperafively 
Gotlieb 2004 205 SDB & controls WPPSI, NEPSY Children with SDB performed significantly less well on tests of executive II 
function, memory & general intellectual ability. 
Gozal 2001 SDB-snoring School performance Children with lower academic performance in middle school are more likely to 
have snored during early childhood and to require T&A for snoring compared V 
with better performing schoolmates. 
Gozal 2007 278 OSA DAS HsCRP levels are higher in children with OSA, and particularly in those who 
NEPSY develop neurocognitive deficits, suggesting that the magnitude of the III 
inflammatory responses elicited by OSA is a major determinant of increased 
risk for neu nitive dysfunction. 
Halbower 2006 31 OSA & controls WISC Ill & IV Participants had lower IQ & executive function (verbal working memory & veral 
fluency) compared to controls II 
Kaemingk 2003 149 OSA & controls WPPSI Participants demonstrated poorer learning, memory, immediate recall, IQ & 
mathematics than controls, relative to severity of OSA II 
Kennedy 1998 26 PS & controls WPPSI, WRAML PS group displayed impaired memory & attention as well as lower IQ. li 
Kumatowski 221 OSA & controls Token Test, DCS, OSA was seen to be associated with memory problems, concentration & 
2006 RAVLT, RCFT attention deficits, learning disability, language dysfunction, tower sensorimotor II 
integration & perception 
Lewin 2002 38 OSA & Controls CBCLDAS Children in the OSA group demonstrated more problems with attention, reduced II 
speed of information processing 
Montgomery- 19 OSA & controls DAS Prior to T&A, cognitive scores were significantly lower in OSA subjects versus 
Downs 2005 NEPSY controls; following T&A, OSA subject scores improved compared to pre- II 
operative scores and did not differ from those of matched controls 
O'Brien 2004 35 SDB & controls NEPSY, DASCA SDB group scored significantly lower for mean scores of DASCA (and the 
Non-verbal Cluster), attention/executive function domain of NEPSY and 2 II 
subtests in that domain (visual attention & executive function), and Phonological 
Processing. 
O'Brien 2004 118 PS & controls NEPSY, CBCL, DAS PS group displayed impaired attention and decreased overall cognitive abilities II 
O'Brien 2004 199 PS & controls NEPSY, DAS Children in the Sleep Pressure High group significantly more likely to have 
deficits in memory, language abilities, verbal abilities, and some visuospatial II 
functions than children in the SPSLow group 
Owens 2000 18 OSA & controls BASC, WPPSI, WRA Children with OSA demonstrated impairments in executive functioning/attention II 
ML & learning, showing small improvements postoperatively. 
Rhodes 1995 14 Morbidly Obese WRAML Children with obstructive sleep apnea had deficits in learning, memory, and 
Children & OSA vocabulary. Apneicthypopneic events were inversely related to memory and III 
leaming rformance among the entire sample. 
Suratt 2006 114 SDB WISC-IV Snorers scored lower on vocabulary and similarities. Relationship between III 
sleep latency & verbal memory & general memory. Frequency of 
apnealh po nea predicted vocabulary score. 
Surat l: 2007 56 SDB WISC-IV Shorter mean time in bed & history of nightly snoring predicted lower scores on III 
vocabulary & similarities. Mean time in bed & apnealhypopnea index predicted 
lower vocabulary & similarities scores. Variability in time in bed predicted lower 
vocabulary & similarities scores. 
FIRST AUTHOR N POPULATION COGNITIVE TESTS CONCLUSIONS Grade 
2. CHILDHOOD EPILEPSIES 
Annen 1994 1041 Asthma CPT, Memory Mean IQ & cognitive & achievement tests were normally distributed III 
Baglietto 2001 9 BECTSS & BRE Corsi, TMT, Stroop, Mean full-Scale IQ was in normal range, but significantly below controls. Participants 
& Controls Benton, WISO had disorders in visuospabal short-term memory, attention, cognitive flexibility, II 
picture naming and fluency, visuoperceptual skill & visuomotor coordination 
compared to controls. At IED remission scores not significantly different. 
Croona et al 10 SECTS & controls DS, BS, RAVLT, TMT, Children demonstrated significantly lower scores than controls on cognitive tests. 
1999 SR, VF, Tol RM. Intellectual abilities did not differ and neither did school functioning. Parents reported 11 
concentration difficulties and impulsiveness 
Deonna et at 22 BRE & occipital WPPSI, WISC-R, RM No single cognitive profile found. 4 showed delayed language development, 8 
2000 spikes (n=3) transient weak scores in one domain (verbal, visuospatial, memory) which Ill 
improved/normalized during course of the study. Some with RS showed mild, 
transient cognitive difficulties throughout 
Giordani et at 200 BECTS PPVT-III Participants displayed relative weaknesses in fine motor control, visual learning and III 
2006 WRAML attention in the presence of overall normal intellect, with simple partial seizures 
associated with more difficulty. 
Gozal 1998 297 Children with SOB School performance Grades increase significantly after adenotonsillectomy in children with SDB but not in 
& controls those without SOB or those with SDB but untreated II 
Gudstadt 1989 99 Asthma SIT, W-J Participants demonstrated scores above 50th cenble compared to age based norms Ill 
GOndiz, 20 BRE WISC-R In the patient group a presence of consanguinity, dyspraxia in the lower extremities, 
Demirbilek, difficulties in go-no-go test, as well as some problems related to language such as II 
Korkmaz 1999 disposed, minor motor deficits were significantly more frequent compared to controls. 
Hattori 2002 17 SECTS & BRE WISC-R, KAB, ITA, Mental processing normal for BECTS & ABPE but generally lower for latter. BECTS 
Benton, Token Test significantly lower verbal expression & auditory sequential memory. Normal scores III 
on other visual & verbal functions & LT memory. Similar profile for ASPE. 
Heijbel & 16 BRE & Controls Benders Test Epileptic seizures did not influence the children's intelligence. The visuomotor 
Bohman 1975 coordination was impaired in most children but this was not true for their verbal and 11 
nonverbal functions. 
Lindgren et al, 32 BRE Digit Span, RAVLT, Children with BRE did not present any major cognitive difficulties when a mean of 
2004 Story Recall, RCFT, approximately 5 years had passed since onset of the typical syndrome, and at a time II 
Tower of London, VF, when most of them were seizure-free. Maturational factors apparently are of 
TMT, RM, WISC III importance to the course of RE. 
Northcott 2005 42 BRE WISC III, WIAT, Children with BRE had normal intelligence & language ability. However, a specific 
WRAML, VF, TMT, pattern of difficulties in memory and phonologic awareness was found. EEG features Ill 
RCFT, were minimally associated with cognitive difficulties. 
Nortncott 2006 28 BRE WISC III, WIAT, Improvement in cognitive functioning, particularly in the areas of verbal memory, 
WRAML, VF, TMT, receptive language ability, and phonemic manipulation, was demonstrated II 
RCFT, longitudinally 
Proton et al 2006 18 BECTSS VF, IQ, phonological Mean IQ, verbal functions and memory were within the normal range. Drawing and 
production, naming visuo-spatial skills, attention and visuo-spatial memory were significantly weak. III 
skills, syntactic Reading, numeracy and/or spelling ability were significantly delayed by at least one 
comprehension academic in 10 children. 
Robinson et al LKS & ESES WISC III, KAB, LIPS, Length of ESES correlated strongly with eventual receptive & expressive language. 
2001 CELF All had impaired short-term memory at follow-up. Three children had language III 
outcome within the normal range. No child with ESES lasting longer than 36 months 
had normal language outcome. 
Roulet-Perez et 4 CSWS WISC-R Children followed between 1 112 &4 yrs old, showed a pattern of behavioural & 
al 1993 RCFT cognitive disturbances similar to that in some autistic-like disorders, but also in adult III 
frontal syndrome, probably due to an unusual long-standing epileptic dysfunction 
involving frontal lobes. 
Scholtes, 10 ESES (7 CSWS, Unspecified test of Cognitive dysfunction did not respond to valproate BJor berzodiazepmes in 9 of 10 
Hendrt s& 3 LKS) languge, attention, children. Good cognitive recovery after disappearance of ESES occurred in only 1, 111 
Renier 2005 memory & and partial recovery in 4. An unfavourable prognosis seems to be related to long- 
visuos atial abilities duration ESES and/or early onset 
Sinclair & Synder 10 CSWS & LKS WISC-III The patients received Prednisone 1 mg/kg/day for 6 months, 1 year, then yearly. 
2005 WPPSI-R Most patients had improvement in language, cognition, and behaviour. III 
Stephani & 36 SECTS & LKS KAB, HAWIK III No correlation was found between global IQ and the seventy of the RDs. All the 
Carlsson 2006 children had at least one specific learning disorder (sometimes long-lasting). When III 
the children were treated, a correlation between cognitive and EEG improvement 
could not be demonstrated. 
Völkl-Kernstock, 44 BECTS HAWIK-III, KAB, DAT Children with BECTS exhibited significant deficits in higher functions of spatial 11 
Witinger & perception, including spatial orientation, basal and complex spatial memory. Deficits 
Feucht 2006 independent of anti-convulsive drug treatment 
Weglage et al 40 BRE & controls Not specified Patients were significantly impaired in their IQ, visual perception, short-term memory, 
1997 psychiatric status & fine motor performance task. No significant differences could be 11 
computed for a simple finger-motor speed exercise or a linguistic performance test. 
Yung et al 2000 78 BECTS Diagnostic Among BECTS 9% diagnosed with mild intellectual disability, 10% with borderline III 
assessment only functioning and 17% with specific learning disabilities. Three children with BECTSS 
experienced language delay and regression. 
3. PRIMARY SLEEP DISORDERS 
Blunden 2005 64 PS & WASI, TEACh, Snoring and BSP were associated with impaired neuropsychological and 
behavioural ACPT psychosocial functioning. Snoring was associated with intelligence and attention IV 
sleep problems deficits. BSP was associated with memory and behavioural deficits. 
Carvhalho 2004 1180 SDB & other Bender Visual Motor As a whole, children did not present with cognitive dysfunction 
sleep disorders Gestalt Test - BT III 
Hansen 2001 14 OSA /Narcolepsy Information Both groups scored lower than norms but improved with intervention III 
unavailable - 
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The literature identified is presented according to the diagnostic categories (Fig. ]), as 
whilst degrees of overlap are apparent they are separate diagnostic entities, each with unique 
features which allow us to consider the association between sleep disturbance and learning 
impairments differently. This in turn allows the consideration of potential mechanisms for the 
relationships between sleep disturbance and the types of learning problems identified. In the case 
of sleep disordered breathing (SDB) whilst much of the research pertains to homogeneous 
samples, a generic category of mixed aetiology research is also included (comprised of SDB, 
obstructive sleep apnea and primary snoring). In the cases of childhood epilepsies, there is a 
significant degree of overlap amongst some of the conditions presented, hence these categories 
have been collapsed, although for ease of comprehension some evidence is presented separately 
within these sections. Presentation of the evidence is followed by a discussion of literature 
demonstrating reversibility of cognitive impairment upon treatment of the medical condition. 
Remaining sleep disorders are considered under the heading Primary Sleep Disorders. As this 
research was limited it was not necessary to include subsections . 
Figure. 1: Categorisation of the 
Medical Conditions literature 
Associated with Sleep 
Disturbance & Cognitive 
Imnairmcnt 
Sleep Disordered Childhood Epilepsies 
Breathing Primary Sleep 
Disorders 
Ac +t 
Benign Epilepsy & Continuous Spike & Wave 
Obstructive Sleep Primary Asthma Centrotemporal Spikes! of Sleep /Landau Kleffner 
Apnea Snoring Benign Rolandic Epilepsy Syndrome 
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3. Results 
3.1 Sleep Disordered Breathing (SDB) 
Sleep disordered breathing is an umbrella term for a range of conditions characterised 
by respiratory difficulties during sleep. These range from Obstructive Sleep Apnea 
(OSA) to partial obstructions, laboured breathing and simple snoring (Halbower, et al 
2006). OSA is a severe form of sleep disordered breathing, which involves repeated 
brief periods of respiratory cessation due to airway obstruction during sleep. This leads 
to sleep disruption through repeated arousal from sleep, which can prevent the sleeper 
reaching the deeper stages of sleep, and can in some cases lead to hypoxic periods 
where the sleeper is deprived of oxygen (Ali, Pitson & Stradling, 1993). Snoring is 
often a prominent symptom of OSA. However, many children who snore do not fulfil 
the criteria for OSA, are considered to have primary snoring (PS). Finally, included in 
this review are a small number of studies investigating the relationship between asthma, 
which is often associated with disruption to sleep and cognitive functioning. 
3.1.1 Sleep disordered breathing of mixed aetiology 
The literature with mixed SDB samples shall be described first as an introduction, 
before turning to homogeneous samples of OSA, PS and asthma. Four studies identified 
as investigating participants with generic SDB, each found an impact upon learning. In 
a study of 205 five-year-old children, 61 met the criteria for SDB,. defined_as `frequent 
snoring, loud or noisy breathing during sleep, or witnessed sleep apnea' (Gottlieb et al, 
2004). On comparing this group to asymptomatic children the SDB children had 
significantly lower performance on measures of memory, executive function and 
general intelligence. Whilst this was not a matched control study, the fording remained 
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when adjusting for demographic and respiratory health variables, and when children 
with OSA (thus more likely to be hypoxic) were removed from the analysis. Thus SDB 
symptoms with and without OSA were seen to impact cognitive function in five-year- 
old children. 
This finding was supported by a study of 35 pairs of children matched for age, gender, 
socioeconomic status (SES), ethnicity and maternal smoking. Those with 
polysomnographically defined SDB were demonstrated to have significantly lower 
scores for General Conceptual Ability (similar to IQ), non-verbal performance, and 
attention/executive function. Poorer performance on phonological processing (important 
for learning to read) was also seen (O'Brien et al, 2004). 
Impairments in executive functioning were found again in a study by Archbold, 
Giordani, Ruzicka & Chervin (2004) including 12 children recruited from an 
adenotonsillectomy waiting list (seven due to recurrent tonsillitis and five with 
obstructive SDB). Those in the SDB group demonstrated difficulties with sustained 
attention, vigilance and mental flexibility (Archbold et al, 2004). The severity of the 
SDB also appeared to be related to the extent of the impairment, but the children were 
no different from controls in IQ & reading ability. However, whilst this study controls 
well for the surgical and medical procedures, it was a small study and the lengthy test 
battery may have over inflated impairments due to test fatigue. 
Recently a much larger study of 835 full and preterm children, of whom 164 children 
met the criteria for SDB, demonstrated poorer scores amongst the children with SDB on 
nearly all tests of cognition and achievement utilised. Interestingly the difference was 
not as great after adjusting for SES, although deficits in measures of academic abilities, 
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language comprehension, and planning and organizational skills remained (Emancipator 
et al, 2006). However, the SDB children were also more likely to be preterm, which 
may in itself increase the risk of learning impairment. 
Thus, the above four studies, with varying strengths and weaknesses, have each 
suggested SDB to have an impact upon cognition including general intelligence 
(Gottleib et al, 2004), memory (Gottleib et al, 2004), non-verbal performance (O'Brien 
et al, 2004), attention (Archbold et al, 2004; O'Brien et al, 2004), mental flexibility 
(Archbold et al, 2004), planning and organisation/executive function (Archbold et al, 
2004; Gottleib et al, 2004; O'Brien et al, 2004; Emancipator et al, 2006), phonological 
processing (O'Brien et al, 2004) and language comprehension (Emancipator et al, 
2006). However, the mixed aetiology groups make it difficult to identify factors 
responsible. Thus studies focusing on a more homogenous category of SDB are 
important for refining understanding. 
3.1.2 Obstructive Sleep Apnea 
OSA represents the severe end of the SDB spectrum and is thought to occur in 1-33% of 
the population (Ali et al, 1993; Anuntaseree, Rookkapan, Kuasirikul & Thongsuksai, 
2001; Brunetti et al, 2001; Gislason & Benediktsdottir, 1995). OSA in children is 
frequently associated with adenotonsillar hypertrophy or enlarged adenoids and tonsils 
(Kheirandish-Gozal, Sans Capdevila, Taumau & GozaI -. 2006) which obstruct -the ..  
airway. 
There is growing evidence that OSA is associated with behavioural and attentional 
problems in children. An initial small study of morbidly obese children demonstrated 
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those with OSA to have deficits in learning, memory, and vocabulary (Rhodes et al, 
1995). Whilst these results are likely to be confounded by other medical and 
psychosocial factors linked to obesity, they are supported by two small controlled 
studies of otherwise healthy children. A study of 28 children with OSA and 10 age- 
matched healthy controls detected significantly lower scores on a timed cancellation 
task measuring sustained attention, and a significant association between the severity of 
the OSA and measures of verbal ability (Lewin, Rosen, England & Dahl, 2002). 
Similarly Beebe et al (2004), found children with OSA to demonstrate lower behaviour 
regulation and reduced performance on measures of attention and executive functioning. 
The latter study observed minimal effects on measures of intelligence, verbal memory, 
or processing speed, though the researchers admit that their sample was small. Indeed 
this was the case for both studies, and controls were matched only by age, and not other 
factors such as SES. Despite this, these initial findings begin to shape the evidence 
suggestive of an impact of OSA on daytime cognitive functioning. 
Further larger studies strengthen the evidence for an association between OSA and 
learning disorders. A prospective cohort study of 149 children with and without OSA 
related sleep disturbance (Kaemingk et al, 2003) found higher scores on a sleep apnea 
index to be associated with decreased learning (notable on immediate recall and 
arithmetic subtests) as well as reduced Performance IQ and Full scale IQ. More 
recently, Kurnatowski, Putynkski, Lapienis and Kowalska (2006) examined a 
population of 221 children, 117 with OSA related adenotonsillar hypertrophy.. and, 104--.. -, ,. .,. 
healthy children. They -found adenotonsillar hypertrophy in, younger children (6-9 years) 
was associated with impairment of memory, concentration and attention, language 
dysfunction, lower sensorimotor integration and perception and learning disabilities. 
The older children (aged 10-13 years) were also seen to have'memory problems and 
15 
learning disabilities, and more severe language dysfunction. The authors suggest the 
impairments to be caused by concentration and attention deficits. However, whilst the 
latter study stated controls were within a similar age range, neither matched controls, 
thus fundamental differences in the samples were possible. This issue was overcome by 
a further small but well designed study of children with severe OSA and healthy 
controls matched for age, gender, ethnicity and SES (thus providing a more thorough 
comparison) and yet still demonstrated the children with OSA to have significant 
deficits in IQ and executive functions (Halbower et al, 2006). 
Thus, all of the studies relating to childhood OSA populations have identified relative 
impairments in some areas of cognitive functioning, including memory (Rhodes et al, 
1995; Kurnatowski et al, 2006), learning (Rhodes, 1995; Kaemingk at al 2003), 
executive function (Beebe, 2004, Halbower et al, 2006), attention (Lewin et al, 2002; 
Beebe, 2004; Kumatowski et al, 2006), vocabulary/verbal/language ability (Rhodes, 
1995; Lewin et al, 2002; Kumatowski et al, 2006), Performance IQ (Kaemingk et al 
2003) and Full Scale IQ (Kaemingk at al 2003; Halbower at al, 2006). Only one small 
study found minimal or no effects on general intelligence or processing speed (Beebe et 
al, 2004). 
3.1.3 Primary Snoring 
It has also been recently found that children with suspected obstructive. SDB were. more,,..,... 
likely to have impaired cognitive functioning if they had a history of nightly snoring 
(Surrat et al, 2006). Habitual snoring is estimated to occur in 10% to 12% of young 
children (Owen, Canter & Robinson, 1996) though it is not seen as a condition requiring 
intervention. However, in 1998 ä study of 13 snoring children with an obstructive 
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respiratory disturbance index within the normal range, were seen to still have 
significantly reduced performance on mean scores for verbal IQ, global IQ, selective 
attention, sustained and memory index, compared to controls (Kennedy, Blunden & 
Hirte, 1998). A further study showed significantly impaired attention and lower memory 
and intelligence scores compared to controls, though within the normal range (Blunden 
et al, 2000). Whilst being controlled, both of the above are small studies, though similar 
findings were seen in a larger study of 114 children by O'Brien et al (2004). This study 
compared snoring children, without gas exchange abnormalities and thus unlikely to be 
hypoxic at night, to a control group. Whilst in the normal range, both overall cognitive 
abilities and certain language and visuospatial functions were significantly lower for the 
snoring group. 
Thus, all three studies highlight the possibility of reduced cognitive performance, and 
the latter in the absence of gas exchange abnormalities, thus demonstrating an impact 
upon learning and development for children who, snore but who are otherwise healthy 
and do not suffer severe OSA (Blonden et al, 2000). 
3.1.4 Asthma 
Stores, Ellis, Wiggs, Crawford and Thomson (2007) recently found children with 
nocturnal asthma had significantly disturbed sleep and performed less well on delayed 
recall, immediate recall and sustained attention though this was not statistically 
significant. There is also little other objective evidence of impairments in daytime 
functioning (Bender & Annett, 1999). In further generic asthma studies such as the 
Childhood Asthma Management Program (CAMP), a multicenter double-blind, 
randomized, placebo-controlled, clinical trial of two types of anti-inflammatory 
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medication, asthma symptoms were not found to be associated with reduced 
neurocognitive performance (Annett, Bender & Gordon, 1994). This corresponded with 
an earlier study in 1989 of 99 children hospitalised for severe asthma, where children 
were found to actually perform above the 50th percentile for age matched norms 
(Gudstadt et al, 1989). Thus whilst the most recent study indicates that reports of 
interruption in daytime functioning are not unfounded, further research is needed in this 
area to shed light upon the neuropsychological implications of nocturnal asthma. 
3.1.5 Reversibility of Cognitive Impairment 
An interesting feature of the relationship between sleep disturbance and cognitive 
function in SDB is the impact of treatment upon cognition, as there is growing evidence 
that neurocognitive performance can be seen to improve upon intervention. This is 
particularly interesting as on demonstrating an association between SDB and learning 
problems, it is not possible to conclude that the learning problems are directly related to 
the SDB. However, if such learning problems are seen to improve upon SDB symptom 
improvement, this increases evidence for the association between the two. 
The first pertinent study (Ali, Pitson & Stradling, 1996) consisted of 12 children with 
SDB recruited from an adenotonsillectomy waiting list, matched by age and sex with 11 
children with a history of snoring and sleep disturbance but no obvious sleep or 
respiratory problem (snorer group) and a control group of 10 children undergoing-an- 
unrelated surgical procedure. Post-operatively greater sleep disturbance seen in both 
SBD and snorer groups had been largely resolved as had dips in oxygen saturation in 
the SDB group. In line with this the SDB group showed significantly reduced 
inattention and an improvement in vigilance. The snorer group also demonstrated 
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improved vigilance, whereas the control group's performance did not change 
significantly. Whilst this study has only small numbers in each group, thus diminishing 
its statistical validity, the design attempts to separate the key factors likely to impact 
upon cognitive function, and demonstrates improved performance when the sleep 
disturbance is resolved. However, as this study was also concerned with behaviour and 
aggression the cognitive assessment was narrow and thus is limited in 
neuropsychological information. 
In 2000 Owens, Spirito, Marcotte, McGuinn and Berkelhammer demonstrated children 
with SDB to have impairments in executive functioning/attention and learning 
compared to controls, and saw small improvements in executive functioning/attention 
postoperatively. Again this was a small study, similar that by Avior et al., (2004) which 
found an improvement in attention and impulsivity but neither study conducted fully 
comprehensive testing nor did they retest a control group, thus allowing the possibility 
of practice effects as SDB children completed the same tests a second time. However, 
the findings become much more convincing when considered alongside a larger study 
of 41 participants using a comprehensive intellectual assessment that demonstrated 
children with OSA to have lower scores compared to controls, which improved to the 
level of the control group post-operatively (Friedman et al, 2003). This extremely 
interesting fording was replicated in 21005 (Montgomery-Downs, Crabtree & Gozal) 
though unfortunately in both above studies researchers did not retest the control groups, 
thus improvement in treatment group scores may be biased by practise effects. The 
only study taking this into account demonstrated an improvement in school grades 
further to surgery (Gozal, 1998). Whilst school grades are often confounded by many 
other factors, follow-up data is easily available for controls, and thus the study was able 
to demonstrate that the improvement was unique to the treatment group. The control 
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group was interestingly composed of children with sleep associated gas exchange 
abnormalities who were also having difficulties at school, but whose parents did not 
seek intervention, thus providing a good comparison. 
Thus, several studies comprise a convincing body of research indicating an 
improvement in cognitive function further to successful intervention. This increases 
confidence in the likelihood of a true association between SDB and learning problems. 
However, it is important to be aware that not all studies have demonstrated complete 
resolution of impairments. In a questionnaire study of 1588 participants, it was found 
that children with lower academic performance at 13-14 years old were more likely to 
have snored and undergone adenotonsillectomy earlier in their childhood, suggesting 
that the surgical intervention may not have completely reversed the effects (Gozal & 
Pope 2001). The researchers suggest that a "learning debt" may have developed prior to 
intervention which obstructed future development, and indeed it may be optimistic to 
assume that a period of cognitive dysfunction can simply be erased without some long 
term consequences. 
3.2 Primary Sleep Disorders 
Primary sleep disorders are sleep disorders not attributable to other medical conditions, 
medication or substance abuse (Buscemi, Vandemeer & Hooten, 2005). The review 
uncovered little literature pertaining to primary sleep disorders, though one small study 
cited by Hansen & Vandenberg (2001) cognitively assessed both children with OSA .. 
and children with narcolepsy and finding both to perform lower than the age based 
norms on measures of auditory attention, visual attention and memory, with both groups 
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improving after intervention. Hence, deficits and the reversibility upon intervention do 
not appear to be restricted to children with SDB. 
A much larger study of 1180 Brazilian school children with SDB and non-respiratory 
sleep disorders, found that children with a range of sleep disorders did not display 
poorer performance than a control group on the Bender Visual Motor Gestalt Test (BT) 
(Carvalho et al, 2005). However, the authors admit that there may have been other 
psychosocial confounding factors within the groups and that the reliability of their 
questionnaire based assessment of sleep disorder may have been questionable. The BT 
is also restricted to one form of assessment (which involves copying figures) from 
which various interpretive scores are achieved. Whilst it is time efficient in both its 
administration and scoring, it is less comprehensive than many tests, and may be better 
utilised in conjunction with other assessment tools. Additionally, the plethora of 
research demonstrating cognitive impairment in children with SDB which was 
undetected in this study calls the general validity into question. 
Behavioural sleep problems (BSP) whilst not primary sleep disorders, are also relevant 
and most appropriately included at this point. In a mixed study of both children who 
snore and children with behavioural sleep problems (BSP), both groups demonstrated 
reduced intelligence and attention scores compared to controls. Children in the BSP 
group and Snorers + BSP group showed reduced memory scores compared to snorers 
alone. In general BSP separately was associated with impaired neuropsychological 
functioning, specifically memory deficits compared to snoring which was associated 
with intelligence and attention deficits (Blunden, Lushington, Lorenzen, Martin & 
Kennedy, 2005). 
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3 .3 Childhood Epilepsies 
The epileptic encephalopathies are a group of disorders where neurological deterioration 
is attributable at least partly to the epileptic activity, independent of the aetiology. Thus 
improvement is also often seen upon intervention (Holmes & Lenck-Santani, 2005). 
Epilepsy is one of the most common neurological disorders in childhood (Shinnar & 
Pellock, 2002) with an estimated prevalence of approximately five to seven new cases 
in one thousand children per year from birth to age fifteen (Cowan, 2002) with many 
children potentially undiagnosed. It is also well known that epilepsy is associated with 
disturbed sleep as both nocturnal and daytime seizures can impact upon sleep quality 
(Bazil, Malöw & Sammaritano, 2002). 
Approximately 25% of patients with epilepsy are described as having learning disorders 
(defined as interfering with academic performance or reading, writing and mathematical 
abilities) compared to 2-10% in the general population. Overall, approximately 50% of 
children with epilepsy have school-related difficulties, with a third of these children 
requiring additional academic support (Aldenkamp et al, 1990). In reality the proportion 
of children requiring such support is likely to be higher as for many children the need 
for support is unidentified or support is not available. A seven year follow up study by 
Camfield et al in 1993 found 34% of 337 children with epilepsy yet normal IQ failed 
their school achievements. 
Clearly daytime seizures including absences in the classroom are likely to interrupt 
attention and awareness. There are many other epilepsy related factors such as the 
impact' of anti-epileptic medication on attention, school absence, psychosocial 
complications and neurological deterioration which are likely to have a large impact 
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upon learning (Anderson, Northam, Hendy & Wrennall, 2001) aside from sleep 
disturbance. However, it has also been seen that subclinical nocturnal seizures may 
affect learning performance (Beghi, De Maria, Gobbi & Veneselli, 2006) and such 
conditions are most interesting in investigating the relationship between sleep 
disturbance and learning as there are fewer confounding factors. Thus, as stated by the 
inclusion criteria this review only focuses on epilepsies in which sleep disturbance is a 
key feature. 
3.3.1 Benign Epilepsy of Childhood with Centrotemporal Spikes (BECTS) and 
Benign Rolandic Epilepsy (BRE) 
Benign Rolandic Epilepsy (BRE) also known as Benign Epilepsy of Childhood with 
Centrotemporal Spikes (BECTS ) is characterised by brief partial seizures, with a high 
increase in EEG nightime paraxysmal activity as a key feature. Whilst seizures can 
occur during the daytime they usually occur during sleep (Holmes, 1997). It is still 
commonly believed that conditions such as BECTS do not cause any definite 
neuropsycliological impairment (Hattori, 2002) perhaps as an early study demonstrated 
no impact of BRE on overall intelligence despite some impairments in visuomotor 
coordination (Heijbel & Bohman, 1975). However, this study comprised only 16 
participants with controls matched only for ae and sex, and utilised the Benders- C) 
Gestalt test which as discussed previously is not the most comprehensive test. 
In fact more recent studies demonstrate contrasting findings. Stephani and Carlsson 
(2006) demonstrated that of 36 children with BECTS all had at least one specific 
learning disorder. More specifically this has been seen to include reading, spelling, 
auditory verbal learning, auditory discrimination with background noise and expressive 
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grammar (Staden, Isaacs, Boyd, Brand & Neville, 1998). Similarly Pinton, Ducot, 
Motte & Arbues, (2006) found reading, numeracy and/or spelling ability were 
significantly delayed by one academic year or more in ten of eighteen children with 
BECTS. Finally, a study of children with severe BECTS were seen to perform, as a 
group, significantly worse than controls in written language skills, specifically in 
spelling, reading aloud and reading comprehension (Papavasiliou, Mattheou, Bazigou, 
Kotsalis & Paraskevoulakos, 2005). Interestingly in the latter study the researchers 
suggest that some aspects such as the poor written language performance could be 
argued not to be specific to BECTS because it occurred in children with generally low 
cognitive capacity and/or pre-existing developmental dysfunctions. However, this is 
complicated as a family history of language delay or learning disability has been seen 
amongst children with BRE (Günd(jz, Demirbilek & Korkmaz, 1999). Thus it is 
questionable whether it is possible to state that the low cognitive capacity or `pre- 
existing' developmental dysfunctions are definitely not epilepsy related, given that 
epilepsy related cognitive dysfunction can be seen without the presence of seizures. 
Whilst language difficulties are a key feature of the findings in many studies (Deonna et 
al, 2002; Gündüz, Demirbilek & Korkmaz 1999; Völkl-Kemstock, Willinger & Feucht, 
2006) a study of 42 children with BRE demonstrated normal intelligence and language 
ability (Northcott et al, 2005). However, a specific pattern of difficulties in verbal and 
visual memory and phonologic awareness was found in this study which can potentially 
impact upon reading, memory and spelling. 
Clearer findings come from larger, controlled studies, such as that by Weglage, 
Demsky, Pietsch & Kurlemann (1997) where 40 children with BRE, with and without 
seizures were compared with healthy controls matched for age, sex, and SES, 
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demonstrating the experimental group to be significantly impaired in their IQ, visual 
perception and short-term memory. However, unfortunately the study did not analyse 
seizure and non-seizure epilepsy groups separately. Similar findings have been seen in 
children with BECTS and controls well matched for age, sex and school. Children with 
BCETS had significantly lower scores on neuropsychological items assessing auditory- 
verbal memory and auditory verbal learning (Croons, Kihlgren, Lundberg, Eog- 
Olofsson, Eog-Olofsson, 1999). The BECTS group also displayed some difficulty with 
executive functions, specifically shifting strategies when problem-solving on the Trail 
Making Test. This coincides with executive functioning type disorders identified as 
difficulties in a go-no-go test (Gündüz, Demirbilek, Korkmaz 1999) and disrupted 
attention which has been shown in at least two studies of children with BECTS 
(Giordani et aI, 2006; Pinton et al, 2006). 
Visuo-spatial aspects have also been seen to be impacted with children with BECTS 
exhibiting significant deficits in higher functions of spatial perception, including spatial 
orientation, as well as in basal and complex spatial memory (Völkl-Kernstock, 
Willinger & Feucht, 2006). Pinton et al (2006) also found visuo-spatial skills, attention 
and visuo-spatial memory were found to be significantly weak compared to the normal 
range for age, but general IQ and memory to be normal. Similarly Giordani et al (2006) 
screened 200 BECTS children presenting for a clinical trial, finding relative weaknesses 
in visual learning in the presence of overall normal intellect. 
Clearly it appears that studies have uncovered a range of deficits, and not all results are 
consistent. However, this may be due to the different functions assessed and different 
tests utilised. Deonna et al (2000) studied 22 children, 19 with BRE (and three with 
occipital spikes) and concluded that they could not identify a single cognitive profile, 
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though eight children required support at school, four had delayed language 
development and eight children had transient weak scores in one isolated domain 
(verbal, visuospatial, memory). However, this study also included different aetiological 
groups, and this may be an issue with many of the studies as epilepsy can manifest itself 
very differently in each child. There is also a degree of overlap between the epileptic 
encephalopathies and this is discussed below. 
3.3.2 Continuous spike-wave of sleep (CSWS) and Landau Kleffner Syndrome 
(LKS) 
Continuous spike-wave of sleep (CSWS) and Landau-Kleffner Syndrome (LKS) will be 
considered together as the boundaries are not as clear between these disorders as 
diagnosis often suggests, and often CSWS/ESES are displayed in LKS suggesting 
considerable overlap (Holmes & Lenck-Santini, 1997). 
CSWS is a condition of childhood onset with characteristic epileptic activity occurring 
during at least 85% of slow wave sleep. Children with CSWS may or may not 
experience seizures but display what is known as electrical status epilepticus during 
sleep (ESES); a series of generalised spike-wave complexes occurring during sleep 
(Holmes & Lenck-Santini, 1997). What is most notable about this condition for the 
purpose of this review is that ESES does not occur during the awake state yet 
neuropsychological regression is often seen (Holmes & Lenck-Santani, _2005). -Roulet-_ -, _, --. -, 
Perez, Davidoff, Despland & Deonna (1993) studied prospectively four children with 
'epilepsy and continuous spike-wave sleep' syndrome, from 18 to 48 months of age. The 
children showed a pattern of behavioural and cognitive disturbances similar to that 
found in some developmental autistic-like disorders, but also in adult frontal syndrome. 
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Landau Kleffner Syndrome (LKS) is a condition characterised by sudden deterioration 
in language abilities. EEG abnormalities are usually activated by sleep, and at times 
only seen during sleep. As language dysfunction is such a prominent feature of LKS 
many studies are restricted to investigating language difficulties. However, cognitive 
deterioration can be seen, with or without the presence of seizures (Scholtes, Hendriks 
& Renier, 2005). For example, Rossi et al (1999) followed up patients affected by 
Landau-Kleffner syndrome (LKS) for over 9 years, all of whom displayed ESES. Of 
these, 75% also showed a global regression of cognitive and behavioural functions, with 
learning disabilities seen in 63.6%, and only 18.2% of cases presented a complete 
language recovery. Rossi et al suggest that LKS and ESES may represent two aspects of 
the same brain dysfunction that may exist separately or together. In a study of 18 
children with LKS and ESES, as well all children having regression of receptive 
language, correlating with length of ESES all children had impaired short-term memory 
at follow-up (Robinson, Baird, Robinson & Siminoff, 2001). 
It appears that CSWS in combination with BECTSS can have an additional impact. A 
mental processing composite (Kaufuren Assessment Battery and Wechsler Intelligence 
Scale for Children-Revised) within normal limits was found in all children with BECTS 
and Atypical Benign Partial Epilepsy (ABPE) which is characterised by CSWS, but 
generally lower in ABPE than in BECTS, with notably lower scores on verbal 
expression and auditory sequential memory. The researchers, suggest -that. give n_ the ,.. , _, _..... _. 
normal scores in the elementary cognitive functions, such as visual and verbal functions 
and long-term memory, disturbance in the process of executive functions such as 
flexibility, fluency, and working memory could cause this characteristic profile. 
Children with ABPE also showed the similar profile in the subtests of the Illinois Test 
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of Abilities to that of BECTS suggesting it is. likely that both groups of children share a 
similar common cognitive dysfunction (Hatorri, 2002). 
3.3.3 Reversibility of Cognitive Impairment 
As with SDB the reversibility of the cognitive dysfunction upon treatment informs us 
about the nature of the relationships involved. Studies showing an improvement in 
cognitive function upon treatment of the epilepsy include that by Sinclair & Synder 
(2005) who demonstrated that upon treatment of LIAS and CSWS with corticosteroids, 
all but one of ten patients manifested significant improvement in language, cognition, 
and behaviour, which continued after the corticosteroid trial. 
As some of the epilepsies described remit spontaneously with age, it is also interesting 
to see if similar improvement in cognitive function is seen when seizures cease. A study 
of 26 children with BRE, with initial deficits in memory, learning of auditory-verbal, 
material and executive function demonstrated the same children did not present any 
major cognitive difficulties compared to controls when a mean of approximately five 
years had passed since onset of the typical syndrome, and at a time when most of them 
were seizure-free (Lindgren, Kihlgren, Lundberg, Melin & Eog-Olofsson, 2004). More 
recently longitudinal improvement in cognitive functioning, particularly verbal 
memory, receptive language ability, and phonemic manipulation has been seen in 
children with BRE (Northcott et al, 2006). Additionally notable improvements have 
been seen in IQ, visuomotor coordination, non-verbal short-term memory, sustained 
attention and mental flexibility, picture naming, and visual perceptual performance at 
the time of IED remission, to the level of controls' performance on the same 
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assessments (Baglietto et al, 2002). Finally, Deanna et al (2000) also displayed that the 
impairments described earlier improved or normalized as EEG improved. 
However, potentially due to the varying pathophysiology not all studies have shown 
such reversibility in cognitive impairments. Stephani & Carlsson (2006) found no 
correlation between IQ and the severity of the rolandic discharges, or between cognitive 
and EEG improvement upon treatment. Also in the study described earlier by 
Papavasiliou et al (2006) researchers described a dissociation between epilepsy outcome 
and learning problem outcome. Another disappointing outcome came from a long-term 
follow up study of ten children with ESES (including CSWS and LKS) treated with 
valproate and/or benzodiazepines. Cognitive dysfunction did not respond to treatment in 
nine of the ten children, and only one showed good recovery after the disappearance of 
ESES, with four demonstrating partial recovery. The researchers suggest that this 
prognosis was related to long-duration ESES and/or early onset of the epileptic activity. 
Therefore, it seems that the findings relating to improvement of cognitive function upon 
remission or intervention, are mixed and potentially related to the course of the 
epilepsy. An additional explanation may also be that in some cases whilst outward 
clinical symptoms of the epilepsy may no longer be present, interictal discharges or 
other subclinical activity during sleep may still be present. 
4. Discussion 
This review has compiled substantial evidence for associations between the clinical 
conditions related to sleep disturbance identified and cognitive impairment. However, 
what remains to be discussed are a number of potential confounding factors within this 
relationship, alongside the potential mechanisms for the associations observed. 
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Some of the confounding factors or alternative explanations to consider include; the 
effects of SES, testing bias, comorbid learning difficulties, and direct effects of the 
medical condition upon learning (including seizure activity in the case of epilepsy and 
hypoxia in the case of SDB). These will each be discussed in turn. 
Whilst many of the studies attempted to control for variables such as age and gender, 
not all matched for SES. However, one of the studies noted the difference between the 
experimental and control group was not as great after adjusting for SES which begs the 
question of what impact this would have had on the results of the other, studies, and 
whether or not those studies not controlling for SES overestimated the difficulties 
found. Conversely, this may be counteracted in some studies by the increased likelihood 
of families of higher SES to take part, when the difficulties may be more prevalent 
amongst low SES backgrounds. Thus, where SES is likely to have a high impact upon a 
variable such as learning it would be helpful if this were accounted for in the 
recruitment or the analysis. However, given that some of the studies have controlled for 
SES, and given the reversibility demonstrated, it is unlikely that this factor wholly 
explains the associations found. 
Features of the assessment also need to be considered as sources of under-estimation or 
over-estimation of performance. Lengthy test batteries can easily lead to fatigue in 
children and thus lead to underperformance on all or some of the battery, particularly 
the latter components. Comprehensive assessment tools alternate Subtests relating to 
difference indices to decrease the likelihood of test order impacting one index 
substantially. However, when utilising individually compiled batteries, this is more 
difficult, and the latter test may suffer. Alternatively, the one-to-one encouragement 
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and supervision available in the quiet testing environment can over inflate performance 
and produce results not representative of a child's capabilities in the classroom 
particularly those with difficulties in the areas of attention/executive function. This can 
lead to underestimation of difficulties. 
A further factor worthy of consideration is that many of the epilepsy studies did not 
discuss the possibility of comorbid learning difficulties present prior to onset of the 
condition. In the case of epilepsy, it is not uncommon for developmental anomalies, or 
brain injury to precede onset of the condition. Whilst extreme cases are not likely to be 
eligible for the research described, more subtle cases may be missed, and could be 
argued to explain some of the learning problems identified. However, the studies 
demonstrating reversibility upon remission of the physical condition decrease the 
likelihood of comorbid learning deficits being fully responsible for the learning 
problems demonstrated. 
In the case of many epilepsy conditions there are also direct effects of seizures and 
antiepileptic medication to consider. In order. to counteract the latter, participants 
studied tended not to be taking medication, thus this alone could not explain the 
cognitive dysfunction. With regard to the impact of seizures this review attempted to 
include epilepsy conditions less likely to directly interfere with daytime performance. 
The links between sleep related epileptic activity and cognitive impairment identified 
were in some cases in the absence of daytime seizures (Blunden et al, 2000). One study 
found deficits in IQ significantly correlated with frequency of spikes in the EEG, but 
not with frequency of seizures suggesting seizures were not the prime factor in 
determining cognitive impairment (Weglage et al, 1997) and indeed some of the study 
participants were seizure free (Lindgren et al, 2004). It has also been found that where 
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cognitive function improved at remission, some interictal activity still existed during 
waking hours (and also during sleep but much reduced) thus implying that the daytime 
interictal activity was probably not responsible for the initial cognitive impairment 
(Bagglietto et al 2002). Naturally, in all of these cases the presence of subclinical 
seizure activity cannot be ruled out, however, it appears that the sleep disturbance itself 
is likely to be at least partially responsible for the impact upon cognition. 
In the case of SDB whilst at least two studies have found apneic/hypopneic events to be 
inversely related to performance (Kaemingk et al, 2003; Rhodes et al, 1995) this was 
contradicted by Beebe et al (2004). The study by Kaemingk et al (2003) also found the 
degree of sleep disturbance to impact learning and memory. It is noteworthy that 
cognitive impairments are not restricted to OSA (Gottlieb et al, 2004) or SDB with 
definite gas exchange abnormalities, as in the study by O'Brien et al (2004) participants 
without gas exchange abnormalities were purposely selected. O'Brien et al (2004) also 
demonstrated performance to be related to a `sleep pressure' score relating to sleep 
disturbance independent of respiratory disturbance or hypoxemia. Similarly snoring 
history has predicted more test scores than the number of episodes of apnea/hypopnea. 
Additionally, impairments in executive function have been seen to be more closely 
associated with sleep architecture patterns than levels of blood oxygen saturation 
(Surratt et al, 2006) with participants demonstrating less sleep time, less efficient sleep 
and particularly less Stage Two sleep (suggested to play a role in facilitating executive 
function; Smith and MacNeil, 1992). However, the authors admit it is possible that 
undetectable oxyhaemoglobin desaturations may impose adverse effects during critical 
ages for brain development. 
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It is also likely that a combination of factors are at play as M RI scans have revealed 
changes in brain metabolites potentially associated with actual physiological changes 
within the brain (Halbower et al 2006). Increased levels of high sensitivity C-reactive 
protein (indicating inflammatory response) have also been identified in children with 
OSA, particularly those with cognitive deficits, suggesting a relationship between the 
magnitude of the inflammatory response and increased risk for cognitive impairment 
(Gozal et al, 2007). 
However, if it is hypothesised that at least some of the observed cognitive difficulties 
are attributable to the sleep disturbance itself, this raises questions as to the potential 
mechanisms for this. Some of the SDB and epilepsy studies cited above found impaired 
executive functioning and behaviour regulation (Beebe et al, 2004, Halbower et al, 
2006) and demonstrated improved behaviour and/or inattention (Ali et al 1996; Croona 
et al, 1999; Lewin et al 2002) when the sleep disturbance is resolved. One possible 
explanation for this is the disruption of Stage Two sleep impacting upon executive 
function. Difficulties with attention and test application could have a knock on impact 
on other subcomponents of the tests. 
Alternatively chronic sleep disruption over a long period of a child's life is a possible 
explanation for neurocognitive deficits in primary snorers (Kennedy et al, 1998) and it 
is possible that this disrupts consolidation of learning (CoL) during sleep. At the . 
beginning of this review evidence for the existence of CoL during sleep was introduced 
(Stickgold & Walker, 2005) and there is also evidence that CoL is compromised by 
sleep deprivation in adults (Maquet, Schwartz, Passingham & Frith et al, 2003). Thus, 
this is a potential explanation for the associations found, which could be subject to 
explicit testing. The assessments utilised in the studies cited are static assessments of 
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functioning at a point in time, whereas measurement of Col, involves quantifying an 
active process during the night, thus representing a more rigorous experimental design. 
It is extremely important that this area is subject to further research, as learning 
problems, even specific to one area, can have a widespread impact upon learning in 
development as very few in vivo tasks involve one pure cognitive domain. This means 
difficulties in one area such as attention or phonological processing may impact a 
child's ability to concentrate or comprehend instructions for any task, thus impacting 
performance as a whole. This in turn may decrease a child's confidence in their learning 
abilities, often manifesting as demotivation or behavioural problems. 
Despite the potential impact of disrupted learning upon a child's life, at present 
decisions regarding treatment for the medical conditions discussed are usually made on 
the basis of the physical symptoms, and where these are not sufficiently serious, 
intervention is not considered. Whilst in some cases associated risks may not justify 
medical intervention there remains a role for timely neuropsychological assessment and 
educational intervention. The research by Gozal & Pope (2001) suggests that even 
temporary effects on learning may have longer term implications, as children fall behind 
their peers and miss out on key educational stages at school, which makes it difficult for 
them to `catch up' from an educational and psychosocial perspective even when 
symptoms are improved. Thus, there is a strong case for further research to better 
understand the relationship between sleep disturbance and learning in children so that 
appropriate assessments and interventions can be identified and implemented. 
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5. Conclusions 
This review has compiled a large body of research suggestive of a relationship between 
specific medical conditions associated with sleep disturbance and cognitive impairment. 
This could be explained by direct physiological factors or by sleep disruption which 
remains a common factor between these conditions. As such learning disruption can 
have a prominent impact upon development, timely medical, psychological and 
educational interventions are required to minimise potentially irreversible impact upon 
the learning and development of these children. To facilitate this process further 
research is required to increase understanding of the relationship between sleep and 
learning in children. Due to recent evidence suggesting the presence of consolidation of 
learning during sleep, further research capturing the impact of sleep disruption upon this 
process may provide a valuable addition to current understanding. 
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children and adults 
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Abstract 
There is good evidence that consolidation of learning (CoL) takes place during sleep. 
However, to date CoL research has been mainly restricted to adult populations, despite 
childhood being a crucial time for learning. This study, therefore, aimed to replicate research 
conducted with adults with a sample of children. Two learning tasks successful in measuring 
CoL over night (CoL-N) in adults were adapted for administration with children. 
Performance improvements overnight (CoL-N) were compared with those over an equivalent 
daytime period (CoL-D). Given the adaptations to the measures an adult sample was also 
included to indicate whether results were a feature of CoL in childhood or attributable to the 
modifications to the measures. A measure of non-verbal IQ and self-reported sleep quality 
were also included, in order to investigate their relationship with CoL-N. 
Analyses revealed the differences between mean CoL-N and CoL-D were not significant in 
the adult or child sample for either learning task. However, post-hoc analyses revealed some 
interesting findings regarding properties of the modified measures. Whilst modifications may 
have reduced sensitivity to CoL, expected performance trajectories could be demonstrated in 
some individual cases, and some indications as to the sensitive aspects of the tests were 
evident. An interesting association between sleep latency in adults and bedtime difficulties in 
children also suggested that this early part of the night may somehow be important for CoL. 
Correlations between the remaining aspects of the sleep questionnaire and non-verbal IQ 
were not found. Overall, the research uncovered many challenges to assessing CoL in 
children, and revealed interesting learning which will provide direction for future research in 
measuring CoL in both adult and child populations. 
Key words: Learning, consolidation, sleep, adults, children, measures. 
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Introduction 
The relationship between sleep and learning has direct implications for understanding 
the importance of quality sleep. There is good evidence that sleep disruption is 
associated with cognitive difficulties particularly in medical conditions such as sleep 
disturbed breathing (Gottlieb, et al 2004) and certain epileptic encephalopathies of 
childhood which lead to disruption of normal learning and development (Aldenkamp, 
Apherts, Dekker & Overweg, 1990). The need to further understand this relationship is 
crucial. If sleep associated cognitive problems can be better understood, intervention 
strategies can be considered and implemented. This is particularly important in 
childhood which is a critical period for learning and development both in terms of brain 
development and opportunities to access education. It is also a period of vulnerability to 
clinical conditions associated with sleep and learning disturbance such as sleep 
disordered breathing and epilepsy. 
1.1. Consolidation of Learning During Sleep in Adult Populations 
There has been a surge of interest in the relationship between sleep and learning in 
recent years. One popular theory is that memories are somehow consolidated during 
sleep. The term consolidation refers to both the reduction in fragility of a memory 
(stabilisation), and the improvement that occurs offline (enhancement) which describes 
learning between training sessions without further training (Robertson, Pascual-Leone 
& Miall, 2004). Increasing evidence that sleep contributes to the-consolidation of fresh 
memory traces comes from a wide range of experimental observations in adult 
populations (Stickgold, 2005) which shall be discussed below. Due to differing 
findings, evidence has been categorised into that relating to declarative or procedural 
memories. The term `declarative memory' refers to knowing `what' happened, 
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consciously available fact based memories including memory for past events, general 
knowledge and meaning. Procedural memory is a form of non-declarative memory, 
which normally refers to knowing `how' to do something. It is often difficult to 
verbalise and acquired with practice requiring repetitions over a longer period of 
acquisition or exposure (Cohen & Squire, 1980). Procedural memories also include 
implicit learning which is a more passive process of acquiring knowledge through 
repeated exposure without conscious awareness, as opposed to explicit learning which 
is more conscious (Schachter, 1987). 
1.2. Declarative Memory based Consolidation of Learning during Sleep 
As early as 1924, research implying a relationship between declarative memory 
retention and sleep can be found (Jenkins & Dallenbach, 1924) though this was thought 
to be due to the lack of sensory interference during sleep rather than an active CoL-N 
process. Historically, evidence has been inconclusive with regard to CoL and 
declarative memories, and this is complicated by the fact that declarative memories do 
not always improve over time, thus it is less easy to demonstrate off-line learning. 
However, recently research has demonstrated a significant improvement on a 
semantically related word-pair associates task associated with the quality of slow wave 
sleep (SWS) (Gais & Born, 2004). In contrast such improvements were not seen in the 
cases of unrelated word-pairs or a face-name association task (Backhaus & Junghanns, 
2006) demonstrating that not all declarative tasks are sensitive to CoL-N. Emotional ; ... 
salience has also been seen to play a key role in sensitivity of declarative memories to 
sleep, as learning of emotionally arousing pictures has been seen to be susceptible to 
CoL-N compared to neutral pictures _(Hu, 
Stylos-Allan & Walker, 2006). Recently, 
other types of visual memory have been found to be consolidated during sleep. Ferrara 
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et al (2006) tested participants on memories of views seen on a defined neighbourhood 
route, finding most improvement after an undisturbed nights' sleep. Overall, it seems 
that research supporting CoL-N and declarative memory is accumulating, however, this 
may depend on subtleties of the tasks chosen. Certainly not all tasks are sensitive to 
CoL-N and further research is needed to establish the conditions under which COL-N is 
seen. 
1.3. Procedural Memory based Consolidation of Learning during Sleep 
The research is more unequivocal regarding CoL-N and procedural memory. One of the 
most prominent studies, by Walker, Brakefield, Hobson and Stickgold (2002) compared 
consolidation of learning during the day (CoL-D) to that over an equivalent night time 
period (CoL-N) by means of performance improvements on a sequential finger-tapping 
task. They demonstrated a 20% increase in motor speed without loss of accuracy after a 
night asleep, while an equivalent period of time awake provided no significant benefit 
(Walker et al, 2002). When participants were trained on a sequential finger-tapping task 
over a series of days small practice dependent improvements occurred before but not 
after the large gains post sleep (Walker et al, 2003). Also whilst the largest gain was 
seen after the first night of sleep, -further gains were also demonstrated after additional 
nights of sleep. Similarly, on a sequential forger to thumb tapping task using a specially 
adapted glove, participants demonstrated sleep dependent delayed performance 
improvements during the first day or night post-training (Fisher, et al, , 
2002). More 
, _. -- 
:, 
recently improvement on a finger-tapping task has also been demonstrated following 
daytime naps (Walker & Stickgold, 2005). 
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An alternative procedural memory exercise seen to be sensitive to CoL-N is a pursuit 
tracking task (Maquet, Schwartz, Passingham & Frith, 2003). Participants were required 
to track a target moving along a trajectory predictable on the horizontal but not the 
vertical axis, using a joystick. Retesting after three days showed improvement in a sleep 
group on the learned trajectory, relative to a sleep-deprived group, as well as increased 
brain responses to the learned trajectory measured by magnetic resonance imaging 
(MRI). Daytime naps have also been seen to be sufficient to improve performance on a 
tracking task but not on declarative memory tests such as memory for semantically 
related word pair associates or a face-name association task (Backhaus & Junghanns, 
2006). Finally, sleep dependent learning has also been demonstrated on a motor 
reaching task (Huber, Ghilardi, Massimini & Tononi, 2004). 
One of the seminal areas of procedural memory studies focused on visual perceptual 
learning, by means of a computerised visual texture discrimination task (VDT). The 
primary task for participants is to distinguish between a horizontal or vertical array of 
three diagonal lines, displayed briefly in a specific quadrant of the visual field, amongst 
a background array. To ensure focus on the centre of the screen, and thus specificity in 
the visual field, participants were also required to distinguish between a letter T or L 
presented in the centre of the screen. The target screen was followed by a distractor 
mask screen with a varying interval between the two. The primary task of array 
discrimination becomes more difficult as the inter stimulus interval (ISI) became 
shorter. Again researchers compared CoL-D with CoL-N fording performance did -not-. - 
improve during the period of wakefulness (Stickgold, Whidbee, Schirmer, Patel & 
Hobson, 2000) but improved significantly overnight (Karni, Tanne, Rubenstein, 
Askenasy & Sagi, 1994). However, improvement was lost upon disruption of rapid eye 
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movement (REM) sleep (Karni et al, 1994) and impaired if early or late night sleep 
(usually dominated by SWS) was disrupted (Gail, Plihal, Wagner & Born, 2000). 
1.4. Consolidation of Learning during Sleep in Children 
Thus it can be seen that evidence for CoL-N on certain learning tasks in adult 
populations is rapidly accumulating with particularly robust findings regarding 
procedural learning. However, childhood is a period dominated by intense learning and 
long periods of sleep which undergo many changes in early childhood, as sleep states 
become more clearly defined, sleep time decreases and sleep cycle length increases 
(Stores, 2001). Even in middle childhood and adolescence, longer sleep time can be 
seen. A study by Randazzo, Muehlbach, Schweitzer & Walsh (1998) found that 
overnight sleep restriction led to impairments in higher cognitive functions, such as 
verbal creativity and abstract thinking, demonstrating an important role for sleep in 
cognitive function. Despite this, further research with children is limited, particularly 
that relating to CoL. However, that which has been identified is discussed below. Whilst 
distinctions between declarative and procedural memory studies are fairly clear in the 
adult studies, some of the tasks utilised with children include components of both types 
of learning, thus the research shall be presented as a whole. 
Acknowledging that little is known about the role of sleep in CoL in young children 
Gomez, Bootzin and Nadel (2006) assessed familiarity (measured by differential. gaze)__.. 
with an artificial language in a group of 40 15-month-old infants. Infants who had taken 
a nap, appeared to recognise a pattern in the artificial language better than those in a `no 
nap' condition, suggesting flexible learning which is essential for language 
development. However, the research was based on a small sample, as a substantial 
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proportion of infants were excluded as it proved difficult to control infant naps or 
distress during the experimental phases. A study of 12 high school students learning 
English-German vocabulary lists, found an increased rate of immediate forgetting when 
vocabulary was learned in the morning, compared to the evening, the key variable 
assumed to be the intervening sleep between encoding and retrieval. A second 
experiment found that of participants learning the list in the evening, those who were 
later sleep deprived performed more poorly at 48 hours after learning (Gals, Lucas & 
Born, 2006). However, the majority of the sample was 17 and 18 years old, thus 
bordering adulthood. 
One of the few studies to examine CoL-N in school age children is that by Fischer, 
Wilhelm & Born (2007) which compared the performance of adults and children on 
implicit memory formation on a serial reaction time task. Interestingly, children 
demonstrated a sleep dependent deterioration in measures of implicit sequence 
knowledge compared to gains seen in adults. This study warns of the danger of simply 
generalising the research in adult populations to children, and assuming that findings are 
likely to be replicable. The authors suggest there may be a preferential effect of sleep 
towards the enhancement of explicit aspects of the task performance which interferes 
with implicit performance gains, thus implying a different role in consolidation of 
learning for children. It is also possible that systematic confounding factors relating to 
the complexities of testing children are partially responsible and these are discussed 
below. 
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1.5 Challenges of investigating consolidation of learning with children 
Whilst there are some indications that some CoL-N may take place in children, clearly 
more research is needed to investigate this relationship in childhood populations. 
However, as demonstrated in the studies above, there are many challenges replicating 
this research with childhood populations. Children make very different participants to 
adults, and the cognitive assessment of children requires a unique approach. Children 
are more easily distracted (Diamond, 1995), less able to regulate their behaviour and 
attention on a task that is not appealing (Anderson, Northam, Hendy & Wrennall, 2001), 
and less able to divide their attention on tasks with a heavy working memory load 
particularly with the added complication of complex instructions (Manly, Robertson, 
Anderson & Nimmo-Smith, 1999). However, many of the CoL-N measures utilised in 
adult studies are repetitive, require complex instructions and rely heavily on divided 
attention. 
Additionally, it has been demonstrated in the adult research, that not all tasks are 
sensitive to CoL-N perhaps because not all types of learning involve CoL-N. Indeed 
initially CoL-N research focused on animal studies, and progress into research 
involving any human participants was slow, for several reasons including the difficulty 
identifying suitable measures of learning likely to show a benefit from sleep, this 
leading to conflicting results (Cartwright, 2007). Now that this has been partly 
addressed in adult populations, the migration of this research. to childhood. populations 
presents a further challenge in identification of suitable measures of CoL-N for children. -. - 
Therefore, conducting research on CoL-N in children requires the identification and 
modification of measures of CoL-N which are appealing to children and within a child's 
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capability. Only then is there a chance of a child being able to fully apply themselves to 
a task, to give valid results. However, in adapting measures one needs be wary of 
changing the essential elements of the task and disrupting their sensitivity to CoL-N. 
Thus measures need to be both ecologically and experimentally valid. If the expected 
result is not found, one is left with the question as to whether this is a feature of the 
population or the modified measures. Therefore it seems important that measures 
chosen are also tested on an adult population, and the results compared. 
1.6. Research Aims 
This research ultimately aims to form part of the process of investigating the presence of 
CoL-N in children, with a view to us being able to investigate how this is disrupted in 
clinical populations, and how suitable interventions can be adopted. However, before 
understanding pathology we need to fully understand childhood CoL-N process in a 
`normal' population and first we need to learn how we can reliably measure this. 
Thus the main aim of this study is to adapt measures of CoL-N seen to be successful in 
adult populations and apply them with children. The study utilises two measures shown 
to be sensitive to CoL-N in adult populations: 
1. Visual Discrimination Task (VDT: Kami & Sag , 1991) 
2. Pursuit Tracking task (PTT: Maquet et aL 2003). 
These tasks have also been chosen for their potential to be modified for children. 
Research has indicated that there is little age-related change in visual selective attention 
(Manly et al, 1999) suggesting that younger children have a better chance of being able 
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to complete non-language mediated visual tasks which are also not as likely to be 
mediated by education as a word-pair task, for example. These tasks are also 
computerised which has the added advantage of appeal to children and this also allows 
standardised administration. However, given the repetitive nature and experimental 
appearance of the tasks (and indeed all CoL tasks) they require substantial modification 
to be both ethically and practically appropriate for children as well as being suitably 
appealing to maximise motivation and thus valid performance. 
In order to assess the impact on the modifications on sensitivity to CoL-N this study 
also includes an adult population. If appropriate adaptations of tasks can be conducted, 
it is hypothesised that a CoL-N effect will be seen in both the adult and childhood 
participant groups. 
To assess CoL-N this study will compare daytime learning consolidation CoL-D with 
CoL-N on the same two tasks in a non clinical sample of children and adults. It explores 
how the performance improvements seen after a period asleep compare to those of a 
comparable period awake. It also takes the opportunity to explore the relationship 
between CoL-N and both a measure of intellectual ability and a questionnaire based 
measure of sleep quality. 
1.7. Experimental Hypotheses 
Experimental hypothesis 1: It is predicted that CoL-N on the modified tasks will be ---- -- 
greater than that over an equivalent wakeful daytime period (CoL-D) in the adult 
group. 
Experimental hypothesis 2: It is predicted that CoL-N on the modified tasks will be 
greater than that over an equivalent wakeful daytime period (CoL-D) in the child group. 
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Secondary Aims 
In addition to the above specific hypotheses the study also aims to explore any 
emerging relationships between sleep quality CoL-N and intellectual ability (as 
measured by the Matrix Reasoning test from the Wechsler Abbreviated Scale of 
Intelligence (WASI)) and sleep quality (as measured by the Pittsburgh and Paediatric 
Sleep Questionnaires). Based on previous research presented it might be predicted that 
better sleep quality may be associated with more efficient CoL-N. Similarly, given 
evidence that IQ is associated with more efficient memory (Lezak, Howieson & Loring, 
2004) it may be predicted that higher IQ will be associated with greater CoL-N. 
2. Method 
2.1 Participants A power analysis assuming a medium to large effect size (d=0.65, 
alpha=0.05) given large effect sizes seen in previous studies (d=1.35; Karni & Sagi, 
1994) yet allowing for higher variability in children's performance, revealed a sample 
of 21 participants per group would yield 80% power. In total, twenty-eight children and 
twenty-eight adults were recruited per group yielding a total sample of fifty-six 
participants. Potential participants with any known learning difficulties, psychiatric or 
medical conditions known to impact upon sleep or cognitive functioning were excluded 
from the study. All children taking part were attending mainstream school. 
Child Participants Twenty-eight children were recruited- from --local : schools, -aged . ......... ... 
between 4 and 11 years old (mean age=8.04, SD=2.06: 16 female and 12 male). Of this 
total sample twenty-four children completed all three sessions of at least one of the two 
cognitive tasks and twenty-one children completed both cognitive tasks. Due to 
practical constraints twenty-one children completed the VDT and twenty-three children 
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completed the PTT. The mean Matrix Reasoning scaled score for the sample using the 
Wechsler Abbreviated Scale of IntelligenceTM (WASITM) 10.5 (SD=2.9). 
Adult participants. Twenty-eight adult participants, between the ages of 18 and 73 
years (mean age = 27.28, SD = 13.45,19 female and 9 male) were recruited from the 
University of Sheffield and through acquaintances of the researchers. Twenty-one 
participants completed all three sessions of at least one of the cognitive tasks and twelve 
participants completed both cognitive tasks. Nineteen adults completed the PTT and due 
to some logistical difficulties a more modest number of twelve adults completed the 
VDT. The mean Matrix Reasoning scaled score for the sample was 11.4 (SD=2.5) 
2.2 Recruitment 
Recruitment and data collection were carried out in collaboration with a second 
researcher also interested in administering two newly developed learning tasks. Thus 
participants were recruited to complete all four tasks at each of the three sessions. Data 
collection was also carried out in collaboration in order to maximise efficiency for both 
parties, and for the participants. The collaborating researcher recruited a majority of the 
student adult participants by advertising in the University of Sheffield Psychology 
department. Twenty-three adults were undergraduate and postgraduate students 
recruited from the University of Sheffield Psychology Department. The remaining five 
participants were recruited through informal networks via friends and colleagues. 
Children were recruited via local schools. Twenty-one of the children were recruited 
from two local mainstream primary schools. It was necessary to recruit children from 
schools with breakfast and after-school clubs as the standard school day was too short to 
allow a CoL-D phase of sufficient length. Children and their parents were approached 
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by school staff to ask if they wished to participate in the study, and further information 
was provided upon request. Seven further children were recruited through existing 
contacts such as colleagues and friends. 
Adult participants, parents and children were each provided with an age appropriate 
information sheet (Appendix 3a, 3b, '3c) which broadly informed participants of the 
purpose of the study. Participants were reassured that participation was voluntary and 
that they were free to withdraw at any time if they so wished. Adult participants wishing 
to take part gave signed informed consent (Appendix 3f). Children gave informed assent 
(Appendix 3e) and signed consent was obtained from a parent or legal guardian 
(Appendix 3d). The timing of the sessions was negotiated with parents and the school 
where appropriate. 
Adult participants were offered a £10 cash reward for taking part. Schools were offered 
a small donation towards school funds, which was agreed would be spent in a manner to 
directly benefit the children. 
All recruitment procedures for the study were approved by the Department of 
Psychology Ethics Sub-Committee, University of Sheffield. 
2.3. Materials 
Participants completed four cognitive tasks at each of the testing sessions lasting up to a 
total of 30 minutes. This included two cognitive tasks as part of this study (VDT and 
PTT) and a further two tasks as part of the study by Huyton (2008). The additional two 
tasks included a story recall based on the subtest of the Children's Memory Scale 
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(Cohen; 1997) and a procedural. motor task incorporating a specially designed glove 
based on that by Fischer, Hallschmid, Elsner, and Born (2002). Tasks were delivered in 
a random counterbalanced order with pragmatic allocation of participants to conditions 
in order to maximise efficiency of the testing resources within the available time of the 
participants. 
Due to the substantial modifications required two pilot phases were conducted in order 
to assess the impact of these modifications, and to ensure that the children were able to 
complete the tasks. Six children aged 5-8 years (4 male and 2 female) and two young 
adults were recruited via a local Church Sunday School, and six children aged 5 to 11 
years (4 female and 2 male) were recruited in collaboration with a local primary school. 
The main aims of the adaptations were as follows: 
1. To create instructions that children would be able to relate to and comprehend. 
2. To decrease the divided attention and working memory load of the tasks so that 
children could focus on the essential elements of the tasks. 
3. To shorten the tasks so that they were within the capabilities of children to complete. 
4. To increase the visual and semantic appeal of the tasks to maximise motivation in 
participants. 
5. To ensure the tasks remained at an appropriate level of difficulty for the adult 
participants. 
6. To attempt to maintain the essential elements of the task; and--thus-their sensitivity to-....... --. 
CoL. 
The two tasks are described overleaf, along with the piloting procedure in order to 
explain the decisions taken during the modification process. 
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2.3.1. Pursuit Tracking Task (PTT) This task is a procedural learning task based on 
that utilised by Maquet et al (2003). Participants were presented with a moving target 
(red circle) on a computer display and were asked to follow this with a yellow cross 
which was manipulated using the joystick. Participants were instructed to maintain the 
yellow cross as close to the moving target as possible at all times. The non-dominant 
hand was used to ensure performance did not rely on pre-existing motor skills and to 
minimise interference of normal daytime activity (Maquet et al., 2003). 
Participants were not informed that the trajectory of the target was manipulated in a 
predictable manner. The coordinates of the target were programmed to be described by 
a single sine wave (frequency: 0.423 Hz) along the horizontal axis, and by the sum of 
four non-harmonic sine waves (frequency: 0.267,0.341,0.413, and 0.673 Hz) on the 
vertical axis. As a result, the trajectory followed by the target was easily predictable. .-.. - ....... 
along the horizontal axis but less predictable along the vertical axis. The overall 
impression was of chaotic movement and explicit recognition of the systematic function 
is rarely reported (Maquet et al, 2003). The initial task consisted of 30 trials of 18 
seconds. 
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Figure 1 P7T Stimulus Screen. 
PTT: Initial Modifications The task was recreated as a game called Chase. Participants 
were informed that they were required to chase the red spot with the yellow cross using 
their mouse, to see if they could `catch it', and remain as close as possible. The task was 
presented on a standard 15" TFT screen and the custom joystick replaced by a more 
accessible PC mouse. The number of trials was reduced to 8 to be more realistic for 
children to complete, but the length of each trial expanded to 30 seconds to allow a 
familiarisation period. 
Piloting the Pursuit Tracking Task 
PTT Pilot Phase 1 
During the initial pilot phase children demonstrated that they were able to track the 
target on the PTT task. Initial issues are described in Table 1: 
Table 1: Pilot Session 1 Feedback on PTT 
Main-Issues Arising with PTT -Adaptive Action' 
Standard mouse was not reliable for tracking the Introduced high accuracy optical mouse 
target 
Instructions open to misinterpretation Instructions lengthened and clarified 
Children complained about using non-dominant Further explanation and reassurance added to 
hand as they found this difficult instructions 
PTT Pilot Session 2: Further to the above adaptive actions being taken, the modified 
measure was re-piloted, displaying only two further remaining issues described in Table 
2: 
Table 2. Pilot Session 2 Feedback on PIT 
Main Issues Arising with PTT= _. aý . 
Adaptive Action-. 
Adults found the task too easy. Target stimulus Speed of target and frequency of Sine wave 
moving slowly and easy to track. Ceiling harmonic increased. 
performance quickly reached, and no improvement 
seen between trials. 
Children complained that their arm ached by the Trials reduced from 30 to 25 seconds 
end of the trials 
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i he _raph below demonstrates the asymptotic , peribrnmance reached on the 
PTT by an adult pilot participant. Similar to the VDT participants were finding the task 
reiau\ e'.. v easy and reaching their best performance quickly. thus not improving between 
sessions. To counteract this. the speed of the target and firequencY of the sine gave were 
increased. in order to make the task more difficult. Re-piloting then demonstrated more 
learning across all three trials (Fig. 3). 
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=igure 2. Pilct adult performance on PTT, demonstrating 
little improvement across sessions 3-3. 
Figure 3. Graph demonstrating learning across trials 1-3 
Final PTT task. The final task consisted of £ trials of 25 seconds each. using a high 
accuracy optical mouse. The three trials were repeated on each of the three testing 
sessions. All children and adults confirmed tha they were familiar with using a mouse. 
and this was supported by researcher observation. 
2.3.2. Visual Discrimination Task (VDT) 
This task was based on the task: used by Stickgold et al (2000). It is a basic texture 
discrimination task. with performance improvements taking place in assemblies of. 
neurons active at a very early pre-attentive stage of visual processing (Stickgold et al.. 
2000). The original black and white task comprised computer generated textures. with a 
target array of three diagonal lines arranged on either a vertical or horizontal plane. 
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amongst a 19 x 19 lattice background of horizontal lines presented for 17ms on a 15 
inch monitor. 
The exact position of the target array varied but remained in the lower left quadrant, as 
learning has been demonstrated to be specific to the location within the visual field 
(Karni & Sagi, 1991). To maintain the position in the visual field, at the start of the 
tasks participants were required to focus on a cross in the centre of the screen. The trial 
sequence is activated by the participant pressing a specified key on a standard keyboard. 
The stimulus screen with the target array was then presented for 17ms. Central fixation 
was encouraged by a second forced choice discrimination between a letter L or T in the 
centre of the screen. A blank screen follows, presented for a variable inter stimulus 
interval (ISI) of 1000-Oms. This was followed by a textural masking screen for a further 
l7ms. Finally, a screen asking respondents to identify the direction of the array and then 
the colour of the mouse was presented. The difficulty of this task is primarily dictated 
by the variable ISI as this sets the temporal limit of stimulus perception (Karni & Sagi, 
1991). In the original study each experimental session comprised 16-20 blocks of 50 
trials per block. 
Initial Modifications to the VDT In order to increase appeal to children and to 
simplify instructions the task was redesigned as a colourful game called `Mousehunt', 
programmed using E-Prime software. The task was shortened considerably and 
designed around a story about a `mouse thief . Participants were required to identify the -- ._-- 
direction of the mouse footprints (thus discriminating between the vertical and -- 
horizontal arrays) and to maintain central fixation were asked to also identify the colour 
of the mouse in the centre of the screen (pink or blue). In order to minimise the working 
memory load required in recalling the keys for corresponding responses, a specifically 
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designed keyboard was created with large buttons displavinu pictures of the dillerem 
coloured mice. and the arra-, orientations. Therefore participants had to simply depress 
the button with the matchinL, picture. This also aimed to add toi the visual appeal of the 
task. In keeping with the original task, the exact position of the tariet array varied but 
remained iii the lower left quadrant. 
-i I 
1- iý;. 4 Tar, Stimulus Screen (I 177. ei I t'. A1e. tik . 
Scrcen (l ýnr. ci 
At the start of the task participants were requested to focus on a small grey mouse in the 
centre of' a blank screen. The trial sequence is activated by the participant pressing a 
green 'Go' key on an adapted keyboard. The stimulus screen (I-i,; 4. ) is then presented 
for 17ms followed by a blank: screen presented for a variable inter stimulus interval (ISI) 
of 1000-Ums. This is followed by a masking screen (as per the original study but usimi 
green rather than black and white) for P. further I7ms (Fig. 5). Finally. a screen asking 
respondents to identify the direction of the arra\ and then the colour of' the mouse is 
presented. At this stage the task was shortened to 0O stimuli presentations ( 1O blocks 
ol'20). 
Piloting; the Visual Discrimination Task The ahove qualitative modifications were 
piloted in three phases in order to ensure children were able to complete the essential 
elements of the task. and to investigate appropriate task parameters. 
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VDT Pilot Phase 1 Children were given some simple presentations of the task, which 
confirmed that even young children were able to utilise the specially adapted keyboard, 
and that they were able to succeed with practice. During the first piloting phase the 
following issues were identified leading to the adaptive action described (Table. 3: 
below). 
Table 3: Pilot phase I Feedback for VDT 
Main Issues Arising with VDT Adaptive Action,, ',. '--, -, - 
Length of task was prohibitive. Children became Test shortened from 200 to 100 presentations 
tired and bored and could not finish the task 
Children could not recall the direction of the target Fixation question (colour of the mouse) removed. 
array once they had responded to the colour of the Children only required to identify the direction of 
mouse. Too difficult to divide their attention target array 
between the two tasks. 
Initial ISI trials too fast. Children disheartened and One block of a longer ISI of 1000ms added. 
confused by initial difficulty of task. Training sessions added to instructions with 
positive feedback and repetition until correct 
response. 
Some children described the task as boring Attractive sounds and more colourful images 
added to the opening screen and instructions 
Elements of the instructions open to More instructions added with greater clarity 
misinterpretation 
VDT Pilot Phase 2 Further to the above modifications a second pilot phase was 
conducted, identifying and resolving some further issues described in table 4 (below) 
Table 4: Pilot phase I Feedback for VDT 
Main Issues Arising with VDT. 
Children looking directly at the target array once Fixation question replaced, but order of question 
the fixation question (colour of the mouse) had exchanged. Children asked the direction of the 
been removed. Thus target array not in specified target array before mouse colour. Fixation mouse 
position on visual field. also added to masking screen to make his non- 
essential uestion less difficult. 
Children still found the task boring and were not Task structured into four levels and a Total Points 
motivated until the end facility added with encouraging -instructions e. g. 
"You have reached Level 2! You have scored 180 
points. Keep going! " 
Older children and adults fording task too easy and Blocks with shorter ISI expanded. Number of 
reaching a ceiling performance in the first session presentations increased from 100 to 135 
Younger children uncomfortable during task Higher chair and cushions obtained for younger 
children 
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it was also particularly noticeable that adult participants were getting around 80% 
correct on the first session of the VDT and improving very little, if at all between 
sessions. suggesting they were reaching ceiling performance (Pý(, >. <) thus the addition of 
less difficult presentations at the beginning and more difficult presentations towards the 
end aimed to allow increased confidence at the start and a challenging end for those 
requiring this. 
Number correct 
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Figure 6. Graph representing 2 sessions on VDT with limited learning 
occumng. Dotted line represents threshold for chance performance 
Figure 7. Graph demonstrating the expected decrease in accuracy 
with increasing difficulty of task 
VDT Pilot Phase 3 Final versions of the tasks were administered in order to assess 
performance across the complete testing session. The graph above (Fin. %) demonstrates 
example performance of a pilot participant on the VDT which demonstrates the 
decreased accuracy as the task becomes progressively more difficult, and the learning 
between each testing session (represented by series 1-3). 
Final VDT task: The final task comprised II blocks of decreasing ISI, of which 8 
blocks contained 10 trials. and 3 blocks contained 15 trials, yieldingg a total of 135 
presentations, and thus a total potential score of 1 35. The IS] presentations in decreasing 
order were 1000ms, 400ms. 300ms, 200ms, 150ms, l00ms, SOms, 60ms, 40ins. 20ms. 
Oms. The fixation question, regarding the colour of the mouse remained but children 
ýýýre asked to idcntifv the array orientation first. Participants were encouraged to remain 
enýý<ýýýcd in the task by positive feedback regarding their successful score as they 
reached each level' of the ý-, ame. 
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2.3.3 Matrix Reasoning Test In addition to completing the CoL tasks all participants 
were. asked to complete the Matrix Reasoning sub-test of the Wechsler Abbreviated 
Scale of Intelligence (WASI; Wechsler, 1999). Performance on this subtest reflects 
individuals' ability to mentally manipulate abstract symbols and to perceive the 
relationships among them. It provides a measure of non-verbal fluid reasoning and 
general intellectual ability (Wechsler, 1999). It is suitable for both adults and children, 
with age matched normative data available for both groups. It is a non-language 
mediated task, and thus a suitable measure given the non-verbal nature of the cognitive 
tasks, and the young age of some of the participants. 
2.3.4. Sleep Questionnaires As a measure of sleep quality, adult participants were 
asked to complete the Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, 
Berman, and Kupfer, 1989; Appendix 3g). This is a self-rated questionnaire, which has 
been shown to be a reliable and valid measure of sleep quality and disturbance over a 
one-month time interval. Output data includes an estimate of mean sleep time per night, 
as well as scores for the following sleep factors: sleep latency, sleep disturbances, 
habitual sleep efficiency, subjective sleep quality, sleep medication, and daytime 
dysfunction. 
Parents of child participants were asked to complete the Paediatric Sleep Questionnaire 
(PSQ; Chervin, Hedger, Dillon, and Pituch. 2000; Appendix 3h) on behalf of their child. 
This has been shown to be a valid and reliable tool for assessing childhood sleep 
disturbances (Chervin et al., 2000). It provides an estimate of mean sleep time per night, 
alongside scores for the following sleep factors: parent/child interactions during the 
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night, parasomnias, sleep fragmentation, daytime drowsiness and bedtime difficulties. 
On both questionnaires, higher scores represent greater sleep disturbance. 
2.4 Design 
A quasi-experimental within-subjects design was employed involving an uncontrolled 
convenience sample. The same neuropsychological measures were used, within the 
same group of children and adults, pre and post periods of sleep and wakefulness. 
Participants completed two cognitive tasks (VDT and PTT) on three occasions. Testing 
sessions were either consecutive morning-evening-morning, or a consecutive evening- 
morning-evening, thus providing both a daytime (CoL-D) and night time (CoL-N) 
learning condition whilst counterbalancing order effects (see Fig. 8). Given the time 
commitment required, participants were assigned to the conditions upon a practical 
basis, as negotiated with participants, parents or the school. For example, some 
participants found it difficult to attend in the evening due to other activities or 
transport, thus they were assigned to completing the CoL-D phase first thus requiring 
attendance on two mornings and just one evening. For the PTT 11 adults and 13 
children undertook the CoL-D condition first and 8 adults and 11 children the CoL-N 
condition first. For the VDT 6 adults and 13 children undertook the CoL-D condition 
first and 6 adults and 8 children the CoL-N condition first. 
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l tg 8: Testing phases demonstrating counterbalancing across night time vs daytime conditions. 
CoL-D CoL-N condition 
Day Night Day 1 
AM Session I PM Session 2 AM Session 3 
CoL-N Col-D 
Dad Night 
T I'M Session I 
2.5. Procedure 
AM Session 2 
llav 
I'M Session 3 
Further to obtaining signed consent. children and adults were allocated time slots ror 
their three testing sessions. All participants were reminded they were free to withdraw at 
any time and asked if they had any further questions about the study. Participants 
completed the four CoL tests once each, on each of the three testing sessions. In the case 
of adult participants completion of the cognitive tasks took place in a quiet private 
room. and the four tests were completed in random order. Assessment of children took 
place in a large quiet room in school which included two testing stations with separate 
laptop computers at opposite ends of the room. Children rotated between the stations in 
random order. with no more than two children completing tests at any one time. Any 
children waiting to complete tasks waited outside or quietly in the room under 
supervision. 
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During the last testing session (which was the shortest due to decreasing time demands 
of one of the tasks implemented by the collaborating researcher) the Matrix Reasoning 
assessment was completed. Participants were given the sleep questionnaires to take 
home to complete, and were requested to return them by the last session. 
Tests were administered according to standardised instructions by the researchers who 
each had Criminal Records Bureau clearance for working with children. One research 
assistant was recruited on a voluntary basis, to assist with organising the children, under 
supervision of the researchers. Throughout the tasks, participants were encouraged to 
give their best possible performance and not to be discouraged by the more difficult 
aspects of the tasks. Upon completion of the study, participants were de-briefed as to 
the nature of the study and were invited to ask any questions they wished. 
3. Results 
Descriptive statistics for performance differences during CoL-N and CoL-D for both the 
PTT and VDT in both groups are summarised in Table. 5, and changes in performance 
across the three testing sessions can be seen in Figure. 9 and 10 where performance 
improvements are denoted by decreased scores on PTT and increased scores on VDT. 
Tnl, lo S_ Cs, smmnn, do nn. intA, n .. ýnf; oHnc. 
Adult Child 
CoIrD CoL-N CoL-D CoL-N 
PTT x0.54, SD=34.2 x20.9, SD=32.1 . 8.1, SD=40.0 x=11.1, SD=34.3 
VDT X2.75, SD=1.71 x=1.92, SD=1.79 x=. 57, SD=2.2 X1.0, SD=2.0 
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Fig. 9 PTT performance over time 
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Two tailed paired-sample t tests were carried out to compare the means for the two 
conditions: CoL-N and CoL-D across the two different tasks. For all analyses alpha was 
set at 0.05. 
3.1. Pursuit Tracking Task (PTT) 
For the PTT the output represented the average root mean square (RMS) deviation per 
trial of the yellow mouse controlled cross from the red moving target, this being a 
measure of tracking distance. and therefore accuracy. 
3.1.1. Child Participant Group 
PTT Cumulative RMS v and x axis When the data was considered as a whole there 
was a small visible difference between performance improvements between Col--N 
(x=11.1. SD=)4.3) and CoL-D (x=8.1, SD=40.0) but this was not significant 
(t(2'1)=. -'166, p=. 29). 
PTT RIMS v axis and x axis independent analysis Due to the difference in 
predictability of the x and y axis, and thus potentially different levels of implicit 
learning. the output was also analysed and segregated according to total RMS deviation 
for each axis. When the improvement in the RMS deviation on the less predictable v 
axis was considered alone there was a visible difference between perförrnance 
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improvements between CoL-N (x=1154.2, ' SD=730.3) and CoL-D (x---447.3, 
SD=1439.5) but this was not significant (t(23)=. 982, p=. 34). 
The same calculations on the more predictable x axis yielded similar results with the 
performance improvements on the x axis for CoL-N (836.2, SD=2544.2) being 
visibly different to that on CoL-D (x=1509, SD=4350.1) but statistically non-significant 
(t(23=. 64 p= . 53). 
3.1.2. Adult Participant Group 
PTT Cumulative RMS y and x axis. When the adult data was considered as a whole 
there was a considerable visible difference between mean performance improvements 
between CoL-N (x-20.9, SD=32.1) and CoL-D (x=0.54, SD=34.2) but this was not 
significant (t(18)=-1.44, p=. 17). 
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Figure 11. Error Bars CoL-D PTTAdult vs CoL-NPTTAdult 
PTT RMS y axis and x axis independent analysis When the data was segregated as 
with the data in the child group a significant difference between CoL-N. and CoL-D was .,.; . . -: . 
not found for RMS deviation performance improvement on the x axis (CoL-D x=261.0, 
SD=1706.1; CoL-N; x =949.5, SD=1735.2; t(18)=. 10, p=. 33) or y axis (CoL-D 
x=483.2, SD=1507.3; CoL-N x=794.0, SD=1198.3; t(18)=. 62, p=. 54) 
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4.2. Visual Discrimination Task (VDT) 
4.2.1. Child Participant Group 
In the original study the output score utilised was the ISI at which accuracy fell below 
80%. However, due to the shortened task and degree of data noise visual inspection 
revealed that the data was not amenable to this kind of analysis, so a simplified total 
accuracy score was chosen as the dependent variable. When performance was compared 
between the CoL-N (x1.0, SD=2.0) and CoL-D (x=. 57, SD=2.2) conditions there was 
no significant difference between the two (t(20)=-. 13, p=. 90). 
4.2.2. Adult Participant Group 
For logistical reasons and due to technical difficulties for the adult participant group 
VDT data collection was ceased at n=12. On analysing the output data from these 
participants, a significant difference between the CoL-N (x1.92, SD=1.79) and CoL-D 
(x=2.75, SD=1.71) conditions was not found (t(11)=. 33, p=. 75). 
43. Correlational Analyses 
4.3.1 Sleep Questionnaires 
Analyses of the association between sleep questionnaire variables and CoL-N on the 
PTT or VDT can be seen in Table. 6 for adult participants and Table. 7 for child 
participants. Interestingly significant correlations were found for. adult: participants and.. 
sleep latency on the VDT, and for child participants and bedtime difficulties on the 
PTT. However, given the number of correlations conducted when Bonferroni correction 
was applied these correlations were not significant (Abdi, 2007). 
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Table 6: Correlations for Adult Participants 
Adult Participants PTT Correlation (Pearson) VDT Correlation (Pearson) 
Average sleep time r=. 25, N=13, p=. 41 r=-. 26, N=10, p=. 48 
Sleep quality r=-. 51, N=13, p=. 08 r=-. 51, N=10, p=. 13 
Sleep latency r=-. 28, N=13, p=. 36 T. 68 N=11, p=. 02 
Sleep dysfunction r=. 28, N=13, p=. 36 r=. 46, N=10, p=. 18 
Sleep disturbance r--. 04, N=10, p=. 91 r--. 01, N=6, p=. 98 
Sleep efficiency r--. 39, N=13, p=. 19 r=-. 35, N=10, p=. 33 
Table 7: Correlations for Child Participants 
Child Participants PTT Correlation 
(Pearson) 
VDT Correlation 
(Pearson) 
Night time parent-child interactions r=-. 4, N=18, p=. 09 r=. 16, N=16, p=. 56 
Sleep fragmentation r=-. 30, N=18, p=0.23 r=-. 38, N=15, p=. 16 
Parasomnias r=-. 43, N=18, p=. 07 r=-. 17, N=16, p=. 56 
Daytime drowsiness r=-. 29, N=19, p=. 23 r=. 13, N=16, p=. 63 
Bedtime difficulties r=-. 53, N=19, p=. 02 r=. 12, N=15, p=. 66 
4.3.2 Matrix Reasoning 
In the child group a correlation between performance on the Matrix Reasoning task and 
CoL-N test performance was not seen on the. PTT (r=-. 30, N=16, p=. 27) or the VDT 
(r=. 17, N=14, p=. 59 ). Similarly in the adult group there was no significant correlation -"- 
with the VDT (r=. 04, N=10, p=. 92) or PTT (r=-. 38, N=14, p=. 41) demonstrating that 
there was no association between performance on visual reasoning task and CoL-N. 
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4.4. Additional Post-hoc Analyses 
Whilst it is acknowledged that post-hoc analyses are prone to Type I error, some 
exploratory analyses were conducted to investigate further why tests had not yielded 
significant effects, with the aim of providing learning for future research. 
4.4.1 Practice Effects: Whilst the testing order was counterbalanced so that some 
participants completed the CoL-N phase first and vice versa, paired sample t tests were 
conducted to assess for order effects in the event that participants improve more over 
the first learning phase than the second, or vice versa. 
PTT Practice Effects: There was an interesting significant difference between learning 
interval one (x=23.7, SD=23.1) and learning interval two (x=-1.5, SD=15.7) for the 
adults' performance improvement on the PTT (t(18)=3.6, p=. 02). Thus adults improved 
more on their first learning interval than their second on the PTT suggesting they may 
be reaching ceiling performance after their first CoL phase. 
VDT Practice Effects: For child participants there initially appeared to be an order 
effect in that participants appeared to improve more on the first learning interval (x2.6, 
SD=2.0) than the second though this was not significant (x=-1.0, SD=2.1). As a whole 
participants' performance appeared to deteriorate a little though this was also not 
statistically significant (t(20)=1.1, p=. 28). In the case of the adult participants testing 
for order effects also did not reveal a significant difference (t(11)=. 33, p=. 75) . 
for 
improvements between the first and second testing sessions 
4.4.2 Corrections for equipment: As for the child participants the tests were delivered 
using two laptop computers, results gained using the same laptop only were analysed (to 
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account for potential different processing speed). The difference between the 
performance improvements on CoL-N (x=14.7, SD=27.2) and CoL-D (x=1.7, SD=32.9) 
conditions was greater again, but not significant (t(13)=1.05. p=. 314). 
4.4.3. Performance Curve Analyses: In order to learn more about the sensitivity of the 
measures close visual inspection was conducted for a randomly sampled subset of 10 of 
the original participants. 
In the case of the PTT. two subsets of participants were found. Five of the adults 
displayed performance without an expected pattern of improvement with practice and 
the remaining five demonstrated a learning curve with improvement over time. A good 
example of this has been chosen for the purpose of demonstration (Fig. 12). However. 
of those who were seen to improve with performance. the performance curve revealed a 
ceiling effect. The participant displayed below in Fig. 13 is a particularly good example 
of improvement between the first and second testing session. but performance then 
levelled out between the second and third session. It can also be seen that there was a 
greater performance change in the first 4 trials. presumably whilst the participant had 
not yet mastered the task. However the sample of participants displaying this pattern 
was too small for formal analysis. 
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With regard to the child data eight out of the ten demonstrated data which was more 
chaotic (fig. 14). The remaining two showed steady performance without improvement 
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across the task or between trials (fig. 15) and none of the children demonstrated 
consistent improvement between trials as seen for the adult data. 
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In the case of the adult VDT four participants did not follow any consistent pattern of 
decreased accuracy with increasing difficulty of the task within each session or any 
differences in performance between sessions as demonstrated by Fig. 16 where much of 
the accuracy is below 60% and thus representative of chance performance, with the 
exception of a short period in session 1. For comparison, the curves seen in Fig. 17 are 
performance curves for repeated trials on the original unmodified VDT which show 
significant CoL (Karni & Sagi. 1991). 
Figure. 16 VDT Data Participant 154 Figure. /7 -Performance curves (Karni & Sagi, 1991) 
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A second subset of six adult participants did demonstrate a performance curve, two 
particularly good examples of which are seen overleaf (Fig. 18 & 19). In these examples 
it can be seen that ISI blocks 2-4 (ISI-)0-60ms) are most sensitive to performance 
change before performance falls to chance levels. Also in the latter two sessions these 
participants both scored 100% for this proportion of the task. On considering CoL-D vs 
79 
CoL-N whilst demonstrating learning between session 1 and 3 participant 155 (fig. 12) 
performed less well in session 2 than session 1, thus this participant did not display the 
expected CoL across sessions. CoL can be better demonstrated with participant 156 
(Fig. 17) who can be seen to improve between each session. and more so between 
sessions I and 2. which represented an overnight learning session. 
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For the child participants again four participants demonstrated an expected performance 
curve (eg. Fig 20) and the remaining six did not (eg Fig. 21). Performance curves, where 
seen were less distinct that that seen in the adult sample. In the child sample accuracy 
was decreasing from the beginning of the task. and the period of success as per the adult 
participants (between 80-100% accuracy) was not evident. In the case of participant 108 
(Fig. 8) ISI blocks 6-11 (100-1000ms) may be most relevant. potentially representing an 
appropriate level of diff culty for this a, (Tc group. 
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5. Discussion 
The aim of this study was to attempt to develop appropriate tools to assess the 
differences between CoL-N and CoL-D in a childhood population, and to utilise an 
adult group as a comparison to validate the specificity and sensitivity of the adapted 
measures. In summary, significant differences between overnight and daytime 
performance improvements were not seen for the PTT in the adult or child group, or for 
the VDT adult or child group. Therefore, hypotheses that children and adults would 
show greater CoL-N than CoL-D were not supported. This is an interesting fording in its 
deviation from that which was predicted, and thus warrants further discussion. There are 
several alternative explanations for the findings and each of these is discussed below. 
The discussion also highlights elements of the study that are informative in the learning 
encountered which builds upon understanding of this subject matter which will be 
relevant for future research. 
One initial potential explanation for the lack of a significant effect for CoL-N is that 
CoL-N does not occur for the chosen tasks in these groups of participants. Indeed 
despite the infant study by Gomez et al (2006) and the study of German vocabulary 
learning (Gais et al, 2006) indicating there to be evidence that CoL-N may exist in 
children these were both verbal tasks, compared to the non-verbal tasks used in this 
study. In the more implicit memory procedural task studied by Fischer et al (2007) CoL- 
N in children was not found. Fischer et al (2007) suggest that there may be a 
developmeptal difference between children and adults with regard to CoL-N. Indeed it 
rernabns possible that children do not consolidate information in the sane way or at the 
sWne rate as adults. There ate bertdiril j' äriatomical differences curing developmept as 
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the maturation of neural structures required including myelination of nerve fibres means 
that information is transmitted more slowly (Case, 1992) and storage capacity is 
underdeveloped in children (Pascual-Leone, 1970). Thus it is possible that there are 
differences in the nature or magnitude of CoL-N, which were accurately reflected by 
this study. 
At first sight it seems that this may not explain the lack of an effect for the adult data, 
however, with hindsight there are some questions regarding the adult sample, which 
may still support a theory of developmental differences in CoL-N. In the study by 
Fischer et al (2007 ) the adult sample were aged 20-30 years and in the study by Karni 
& Sagi (1991) the mean age of participants was 24.8 years. Whilst in this study mean 
age was just over 27 years old this was skewed by two older adult participants (aged 66 
and 73), and eight of the participants were undergraduates under the age of 21 (mean 
age 19.3). Whilst technically adults, there is evidence to suggest that the brain is still 
maturing at this age and does not resemble the brain in the mid twenties (Bennett & 
Baird, 2006). Similarly it is very reasonable to assume that older adults may not 
consolidate at the same rate given what we know about deterioration of the brain in later 
life. Thus it is possible that this study is demonstrating that children, young adults and 
older adults do not consolidate learning during sleep to the same extent, or do so 
differently. 
However, despite the above explanation being worthy of consideration it needs to be 
considered that this is not consistent with the findings of the study by Huyton (2008) 
which did demonstrate an effect for CoL-N for the same populations. One of these tasks 
was again a verbal task which may explain the difference, though the second was not. 
Thus, given that the results are at odds with this outcome and with the majority of other 
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recent CoL studies, this explanation may be less likely. Also given that a proportion of 
the participants did display the expected performance curves, it appears more likely that 
the results were a feature of the study including the adaptations to the measures and the 
low power and high variance exacerbated by some of the complexities associated with 
the populations studied, and these issues shall be discussed in turn. 
Therefore, one contributing explanation for the findings is that adaptation of the 
measures may have reduced their specificity or sensitivity to CoL-N. As the original 
measures were visually unappealing and repetitive, with complex instructions and 
multiple demands, it was necessary to conduct substantial modifications. It was, 
therefore, an unavoidable risk that this would alter the sensitivity of the measures. 
Certainly observations from the post-hoc analyses indicated a possibility that in the case 
of the VDT adults who did engage seemed to only be challenged by the very last stages 
of the tasks and achieved a high rate of success on the first two thirds of the task. As the 
task had been shortened the latter part which appeared to be most challenging for adults 
consisted of fewer presentations than the original task, and thus sensitivity was reduced. 
Conversely, performance curves revealed indications that the VDT was too difficult for 
many of the children taking part, as not only did many not demonstrate performance 
dependent on the difficulty of the task, those who did, rarely achieved an initial level of 
success and showed deteriorating performance from the outset. This is likely to have 
had implications for children's confidence and subsequently their motivation or ability ..,::: ._: - -- , -- - 
to engage with the task. Thus, whilst some participants showing the expected pattern of -------: - -- 
learning, it appears that modification of the tasks to be suitable for both adults and 
children, may have led to a middle ground which was not compatible with either 
sample. On the PTT analyses revealed that adult participants improved significantly 
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more on the first learning phase, seemingly due to reaching a test ceiling, and also 
appeared to improve most in the first 4 trials, whereas post-hoc observations suggested 
children did not consistently improve. Thus, the justification for including an adult 
sample in order to control for modification to the task, may have, been at the expense of 
compromising the suitability of the tasks for either participant group. 
A third, and related contributing factor to the results may be a lack of engagement on 
behalf of the participants. The post-hoc visual inspection suggested a subset of both 
adult and child participants with not demonstrable performance pattern. This data 
`noise' was likely to have impacted significantly upon the outcome and an explanation 
for this needs to be considered. A significant amount of data `noise' is common in 
assessments with children, as their ability to concentrate and apply themselves fully to 
tasks is understandably variable. Incomplete development of frontal lobes in childhood 
makes strategic application and behaviour regulation difficult (Anderson et al, 2001) 
and a greater resistance to interference (alternate factors competing for attention) 
develops with age (Diamond, 1995). Whilst selective visual attention has been reported 
to be well developed in younger children sustained attention has not (McKay, Helperin, 
Schwartz & Sharma, 1994). However, whilst cognitive assessments with children are 
complicated by these issues they are not usually prohibitive, thus other factors were 
likely to have been at play. 
It is possible that the tests contributed to the difficulties the participants. may have had 
applying themselves to the tasks. The divided attention. aspect.. of. the VDT task 
remained quite demanding post-modification as giving two simultaneous discrimination 
tasks appeared to be the only way to maintain fixation on the centre of the screen. 
Additionally, research has demonstrated that children over nine years are less 
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disadvantaged by task complexity, suggesting a developmental spurt in aspects of 
divided attention around this time (Manly et aL 1999). However, most of the children 
who consented to take part were under nine years old. Also younger children tend to 
benefit less from task familiarity, compared to older children who appear more able to 
utilise prior knowledge to improve performance (Anderson & Lajoie, 1996). Thus 
perhaps aspects of the tasks were too challenging for the younger children who were 
also not able to take full advantage of task familiarity. 
Whilst every attempt was made to increase the appeal of the tasks to children, they 
doubtlessly do not compare to the levels of stimulation provided by modem computer 
games. Indeed clinical observation suggested that children were losing interest in the 
tasks, and needed to be reminded and encouraged to maintain their attention and 
motivation, thus creating variable performance throughout. It is possible that the tasks 
were not sufficiently appealing to overcome the challenging task of maintaining the 
children's attention. There is also a possibility that despite attempts to simply the tasks, 
children still perceived them as too difficult, which again carries the risk of children 
becoming quickly demotivated and thus disengaging from the task. 
It may appear less clear how this could contribute to the lack of a significant effect in 
the adult group, however, post-hoc analyses revealed a similar subset of data in the 
adult group which did not display any consistent performance improvements, and it is 
quite likely that similar concentration issues were replicated in the -adult -group. - This ::::: 
group was largely composed of students with lifestyles which may have threatened the 
CoL-D and CoL-N conditions, in that many of the students may have not have slept 
appropriately during the CoL-N condition and may also have slept during the CoL-D 
condition. One participant was excluded for daytime rather than night-time sleeping, 
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alongside excessive alcohol consumption. However, it is suspected that other 
participants may have failed to mention this due to the monetary incentive paid on 
completion regardless of performance, thus the validity of their performance may have 
been questionable. Additionally, some of the adults were also observed to find the tests 
monotonous and appeared to be losing interest. It is possible that some of the adults 
perceived the tasks as geared towards children and thus not sufficiently challenging to 
warrant full attention. 
Thus, the above issues doubtlessly contributed to the high variance and thus low power 
which are ultimately likely to be largely responsible for the lack of significant findings. 
Finally, other methodological weaknesses due to practical constraints may have 
contributed to the findings. The CoL-D and CoL-N phases were not always of identical 
length as would have been ideal, and participants were not randomised to these 
conditions, neither were the numbers in each group equal. This was difficult to avoid 
without compromising recruitment, but it may have impacted the outcome. 
Many of these factors may also contribute to the findings relating to the subsidiary aims. 
An association between Matrix Reasoning scores and CoL-N performance was not 
found on either the adult or child group, suggesting that a relationship between non- 
verbal IQ and CoL-N was not found in adults or children. Correlations between the 
sleep questionnaire variables and CoL-N were also not found in either group with two 
exceptions. A positive correlation between bedtime difficulties and CoL-N was found, 
suggesting that there was a relationship between difficulties at -bedtime,, such as _ 
unwillingness to go to bed, and CoL-N in children. In adults a positive correlation was 
found between CoL-N and sleep latency (the time it takes to fall asleep). Whilst 
Bonferroni corrections suggested this may not be significant given the number of 
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correlations conducted, it is interesting that in both cases these are related to the `going 
to sleep' period, rather than the issues during sleep. Indeed children who find it difficult 
to settle themselves to sleep are perhaps more likely to exhibit behavioural problems at 
this point, such as unwillingness to go to bed, or repeatedly getting up out of bed, so 
these may be aspects of the same process exhibited differently between children and 
adults. It is interesting to consider why this aspect of sleep hygiene was correlated with 
CoL-N. Possible explanations are that there is a crucial feature of sleep architecture in 
the early phase of sleep or that it is this simply related to lost total sleep. According to 
the results it is less likely to be the latter as a correlation between hours slept and 
performance was not found. It is interesting that it has been found that learning is 
impaired if early or late night sleep (usually dominated by SWS) was disrupted (Gais et 
al, 2000) thus this may be relevant to this fording. There may also be a relationship with 
other personality or mental health characteristics, such as anxiety or behavioural 
problems or endocrine responses which are likely to impact both learning and sleep 
latency. In future this particular aspect of the sleep process may be worth investigating. 
Indeed some children with epilepsy often have seizures as they fall asleep which is 
likely to impact sleep latency/early SWS sleep. 
Thus, whilst the main hypotheses were not supported, the process of this study has 
raised many further questions and issues for consideration in designing future research. 
Certainly, more research is required in both comparing CoL-N to CoL-D in children and 
in the comparison of this with adult populations where CoL-N findings are more, robust.::. --- _:; -_: -. - _ -:::: _ 
However, before this takes place further work is required on developing appropriate 
measures which are sufficiently appealing and of the appropriate level of difficulty so 
that they are appropriately challenging for children, yet also suitable for adults. During 
the process of this study it has been identified that this is quite a challenge, and one may 
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now question whether it is realistic to modify a test to be suitable for both adults and 
children. 
However, the process of modifying and-testing the tasks has led to some constructive 
learning for future measurement of CoL. Whilst creating different versions of the same 
test would also make it difficult to compare the two groups, at this point, there may be 
justification for focusing on comparing CoL-N and CoL-D in children only even if this 
does raise questions about the measures if an effect is not found. However, the two 
groups may be reconciled with one test if the dimensions of the tasks were extended at 
either extreme to create a more challenging aspect for adults during the latter part of the 
task, and a simplified start. Interestingly, this research has been able to suggest levels of 
difficulty appropriate for both children and adults and future research may be able to 
isolate and extrapolate the tasks around the points of sensitivity on the curves displayed. 
For example, post-hoc analysis performance curves for the VDT suggested adult 
performance to be most sensitive to CoL around ISI 20-60ms whereas children may be 
more sensitive to CoL around ISI 100-1000ms. These may be the perceptual availability 
of the stimuli where discrimination is challenging but not so difficult that it becomes 
demotivating. Further post-hoc reanalysis of the data isolating these segments of the 
tasks may give further indications regarding their sensitivity to CoL, and guide future 
research. Ideally, a task which is capable of catering for both ends of the spectrum by 
adjusting difficulty according to performance by missing or adding trials may be a 
potential solution. Whilst this was considered during the design it was-beyond-the-remit =-- 
of the programming expertise available. 
If one were to replicate this research using children and adults, in addition to the above 
development of the tasks, the adult sample could be improved by a wider demographic 
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spread of participants both in terms of age, lifestyle and intellectual ability. In this case 
the students, and also those recruited from other networks were homogenous in terms of 
many of these factors. 
Ideally a study focused purely on validating measures as suitable to demonstrate 
learning over time may initially be required, before a CoL-N and CoL-D are compared. 
It would also be beneficial if resources were such that a dedicated quiet testing 
environment was available at times which would facilitate CoL-N and CoL-D phases of 
equal length, and if participants were able to be randomized to the counterbalanced 
groups. It would also be interesting to conduct further research into sleep latency and 
CoL-N. 
With further improvements and confidence in the measures, it would be extremely 
interesting how children with clinical conditions known to be related to sleep 
disturbance and learning difficulties perform. Whilst a significant difference between 
CoL-N and CoL-D within the non-clinical participants was not found, despite the 
apparent difference in means in three of the cases, had a clinical population been 
included a difference between the two groups may have been apparent. Thus there is 
certainly scope for this type of study design in the future. 
Ultimately, whilst this study has not found effects to support the initial hypothesis that 
CoL-N will be greater than CoL-D in both adults and children, : notable steps -forward 
have been taken in understanding the complexity of this task, particularly withregard to 
developing suitable measures. This study, therefore, becomes one of the building blocks 
for the foundation of research into CoL-N in childhood. It has helped to increase 
understanding about further research required, so that we may gradually increase our 
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comprehension of this relationship. CoL-N is not only an extremely interesting 
phenomenon but it is hoped that further understanding of the relationship between 
learning and sleep will in turn have vital clinical implications for supporting children 
with learning difficulties associated with sleep disturbance and maximising their 
lerning potential. 
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6. Conclusions 
The aim of this research was to investigate the presence of CoL-N in children by 
attempting to identify and test potential measures for CoL-N in children. The 
hypothesis, that the measures, if successful would demonstrate an advantage of CoL-N 
as compared to CoL-D in both adults and children were not supported. However, post- 
hoc analyses revealed interesting observations regarding the sensitivity of the measures 
for children and adults, and this gives important information and direction for future 
further development and validation of such measures. 
This research has also revealed challenges manifested in the amount of variability in the 
data and likelihood that many of the participants, both adults and children, were not able 
to fully engage with the tasks. This needs to be considered strongly in modifications to 
both the measures and recruitment need to be taken in order to maximise the 
concentration and motivation of participants in CoL tasks. 
As part of the study a measure of non-verbal IQ and a measure of sleep quality was also 
undertaken. No correlations were found between CoL-N and non-verbal IQ. However, a 
potential association between CoL-N and bedtime difficulties in children, and sleep 
latency in adults was implied. Thus there may be an aspect of the early part of sleep that 
is crucial to CoL-N, which would form an interesting subject oLfuture. research.... ,_:;::. _; _. _,:: ý::: _ _:, ; 
Overall, the research has made some interesting progress in addressing the question of 
the existence in CoL-N in children and how this may be measured, and has uncovered 
many of the difficulties with this task. It has aided the development of suggestions for 
91 
further research and methodological improvements which may reduce the impact of 
some of these, and may clarify the nature of the relationship between learning and sleep 
in children. It is hoped that further understanding of this relationship can lead to 
research in clinical populations, and that this will in turn inform strategies for 
interventions to maximise learning opportunities for children at risk of disrupted 
learning and development due to sleep disturbance. 
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Critical Appraisal 
Sophie Thomas 
1. Introduction 
The following critical appraisal aims to examine the research process in terms of 
challenges, learning experiences and outcomes. A discussion of the planning, 
implementation and research process is followed by consideration of methodological 
weaknesses and implications for future research. 
2. Origins of the Study 
My interest in sleep and learning in children was sparked by Dr. Ingram Wright, who 
with an interest already in this field had developed a relationship with Dr. Primhak, 
Consultant Paediatrician in Respiratory Medicine at Sheffield Children's Hospital. 
Already aware of the relationship between OSA and learning problems in children, and 
the preliminary evidence supporting reversibility of this further to surgical intervention, 
both Dr. Primhak and Dr. Wright were keen to explore this further. with a pre-post 
surgery study. It seemed it would be interesting to measure the physiological and 
cognitive changes further to adenotonsillectomy surgery in a group of children 
diagnosed with OSA. It was hypothesised that further to surgery children would 
improve on both physiological sleep attributes as measured in the sleep laboratory, and 
on measures of learning, specifically measures of CoL-N. With an interest already in 
children's learning I was fascinated by this phenomenon, the limited research in this 
field, and the potential impact such reversibility of learning problems could have on a 
child's development and consequent life experience. Thus I chose to conduct'a-studyto-further 
investigate this area. 
The design phase of the project occurred without any major obstacles and eventually 
Local Research Ethics Committee approval was gained as was funding support from 
98 
Sheffield Children's Hospital. The identification and development of measures required 
substantial investment of my time, as well as the time of another researcher developing 
different potential measures of CoL-N in children. Similarly the complexities and 
intricacies of the sleep laboratory and polysomnography equipment represented a steep 
and interesting learning curve for me to feel confident in managing this equipment. 
However, whilst having consulted ENT surgeons, as the referrers of participants to this 
study, about the likely participant flow, the actuality bore little resemblance to their 
predictions. Having predicted 1-2 potential referrals per week, in the first six months of 
recruitment only 4 participants were referred, the majority of whom did not meet the 
inclusion criteria for the study. At this point surgery waiting times had increased from 3 
to 6 months, increasing the timeline from study entry point to completion for each 
participant. All attempts were made to establish the obstacles to recruitment and to 
assess the future feasibility of the study, but it transpired that the participants were 
simply not going to be available within the timeframe of this study. Thus, sadly it 
transpired that the timescale of the study was likely to be far longer than had been 
predicted, and would be outside of the scope of my Doctorate in Clinical Psychology 
research (though I was to continue with this study). 
However, I had already learned a great deal during the first phase of this study. I learned 
about the research design and governance process, and the frustrations and complexities 
of obtaining Local Research Ethics Approval, whilst also digesting a whole new area of 
academic interest expertise, and juggling other ethical, clinical'and- life demäiids: Mostly 
I had learned a valuable lesson about the unpredictability of research. I learned how 
important it is to be realistic about recruitment and about timescales. I also learned that 
despite careful planning, many factors can be out of your control. This can include the 
unpredictability of timescales such as the length of time it may take to obtain 
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governance, ethical approval or any other processes relying on third parties with 
multiple demands upon their time. During this time one can also feel incapacitated in 
being unable to progress with the research. In this case, the unpredictability had been 
with regard to recruitment. The flow of participants was far less than had been predicted 
by the expert parties, and it is my understanding that this is not unusual, and ultimately 
one year later this dictated that suitability of this project for my Doctorate in Clinical 
Psychology. However, fortunately having commenced this study in good time (this 
being a positive lesson learned) sufficient time remained for me to be sure that I had 
given this study every opportunity to succeed in the timeframe, whilst also having time 
to complete an alternative study. 
Already familiar with, and interested in the subject of this first study, I was still keen to 
undertake research which would shed light on the phenomenon of CoL-N in children, 
and ideally complement the original study. My experience had led me to become clear 
that whilst the implications of better understanding CoL-N in children are greatest for 
clinical populations such as those in the above study, firstly more research was required 
in order to identify suitable measures of CoL-N for children, and to further understand 
CoL-N in a non-clinical population. Through the experience gained during my 
involvement with this first study, I began to take a step back and consider the simpler 
matter of measuring CoL-N in non-clinical samples, as really before we study pathology 
we need to have a good understanding of what is `normal'. Otherwise it is difficult for 
us to identify deviation from this. .. -11 
Now having a clear idea that, in order to inform the impact of clinical conditions 
affecting sleep on children's learning and development, we needed to begin with 
attempting to identify and measure CoL-N in a non-clinical population, I began to form 
the ideas which would form the basis for the design of this research project. 
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3. Study Design 
Keen to develop measures which would allow me to attempt to identify the 
phenomenon of CoL-N in a non-clinical sample of children, I began to consider the 
measures to be utilised and the design of the study. To measure CoL-N in children it 
would be necessary to have a comparison of learning which was not consolidated during 
the night. As with most of the adult studies introduced in the literature review it would 
be necessary to compare the CoL-N phase with a daytime phase. There would be two 
obvious ways to do this; a within or between subjects design. The former, most popular 
in the adult research, would involve comparing children's consolidation overnight with 
that during the day, utilising the same group of children. The latter would involve two 
groups of children, a night time consolidation group, and day time consolidation group. 
Careful thought was given as to the most appropriate design. A between subjects design 
would not require such a time commitment on the part of the participants, as they would 
need to complete the cognitive tasks only twice, either side of a 12 hour period, rather 
than three times over a 36 hour period. Given busy family lives, and multiple demands 
placed upon parents, this was an important practical factor which would be likely to 
influence the ease of recruitment of participants, and thus the likely success of the 
project. However, this reduced commitment for each participant was counterbalanced 
with the numbers of participants to be required. Given the expected individual 
differences between the children, the numbers required for a between subjects study 
were to be far greater, placing a far greater demand 'upon recruitment. Even if 
recruitment of such numbers had been realistic there would be a risk that the individual 
differences between the children would be too great, and it would be difficult to match 
children accordingly given the resources of the study. I therefore decided, having 
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consulted Dr. Adrian Simpson, Lecturer in Statistics, and my supervisor Dr. Ingram 
Wright, that the most suitable design would be a within-subjects design, comparing 
children's own performance over the day and night. 
Initially this study aimed to measure CoL-N in children only, given that CoL-N had 
been measured repeatedly in adult populations. However, the development or adaptation 
of measures also needed to be considered (discussed below) and this would create a 
version of the measures not previously utilised with adults. I was always aware that in 
modifying or developing a measure there was a risk of altering the specificity of the 
measure to CoL-N, particularly given the literature which had demonstrated the 
subtleties of this relationship. Hence, I felt there was a great risk of not being clear 
about whether a fording should be attributed to the sample of children, or to the 
specificity of the measure. It therefore seemed that the only way to account for this 
would be to also involve an adult sample in the study. This way if an effect for CoL-N 
was not found in the childhood sample, by comparing this result to that of the adult 
sample, it would be possible to gain an idea of whether the result was specific to the 
childhood sample, and therefore likely to be a developmental feature, or whether it was 
a feature of both samples, and thus likely to be attributable to the measures. 
4. Developing the Measures 
The lack of established measures of CoL-N in children was-a challenging. aspect. of. this.. .,...: , 
study. However, I had already given much thought to measures of CoL-N in the design 
of the first study, and in order to complement The OSA study it seemed appropriate to 
employ the same measures where possible. The time invested in the development of the 
measures was much greater than I had ever anticipated. It involved a great deal of 
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liaison with technicians and IT experts in order to overcome the solution of a simple 
response mode (the specially adapted keyboard), and was in fact one of the most 
challenging aspects of the research project. It stretched my abilities beyond my comfort 
zone and into some areas where my strengths do not naturally reside, such as computer 
programming. The use of E-Prime to create Mousehunt was a challenge in itself, as it 
involved learning a new skill and completely new software. In order to try to replicate 
the VDT as closely as possible I contacted Dr. Stickgold in the USA via email and 
asked for his advice on the replication of his measure and gained further information on 
the specifics of test administration not available in the publication. Dr. Stickgold was 
helpful and enthusiastic about my aspirations, and introduced me to his Computer 
Programmer who was able to send files and further descriptions of their software. 
However, deciphering the information sent to me, was a challenge, and highlighted the 
advantage of conducting research with allocated expert resources. The programming 
was also made more difficult by a number of licensing and software failure issues that 
took many weeks to solve, and with hindsight there are improvements I would have 
made to the measures, which at the time were limited by my limited software 
knowledge. However, the outcome when the first pilot child said he enjoyed the `game' 
and wanted to tell his parents all about it, was immensely satisfying. Now I am 
comfortable with the knowledge that I would be able to create a bespoke test again in 
the future should it be required. 
5. Recruitment and Relationship Management 
Once the tasks were complete the next stage was recruitment, which involved making 
new contacts. Introducing myself to schools, via telephone and in writing, was a 
challenging task. There was an important role in gaining the trust and commitment of 
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schools if that study was to be a success. I learned, that as I suspected, writing to 
schools was not effective, as letters became lost in the vast amount of administration 
they are faced with and thus telephoning was a more fruitful strategy. Inevitably this 
involved multiple phone calls, as even the most co-operative school, had other pressures 
such as OFSTED assessments, and were unable to give a definite answer for some time. 
Whilst needing to understand that the school needed to be given space to make a 
decision in their own timeframe, this involved several nerve wracking periods awaiting 
their decision as to whether or not they would be able to collaborate, particularly given 
the short time frame available for this study. However, it did not seem ethical to 
approach too many schools at the same time, as whilst it would have been a pleasure to 
have a choice of schools to collaborate with, it was important not to damage the 
reputation of the University or myself, by having to turn down and opportunity when a 
school had taken the time to consider my proposal. 
Throughout my time collaborating with the two schools, I learned a great deal about 
research relationship management, and gained insight into the pressures placed upon 
schools and teachers which limited their capacity to collaborate. However, I also learned 
a great deal about the positive experience both the school and the children were able to 
gain from collaborating in the research, in terms of the special occasion this created, 
their learning about the study and research itself, but also their learning about taking 
part in something to benefit the wider community. Most children were very excited 
about the important role they had played in taking part in the research, and thrived on -- 
the praise they received for taking part, ' and the certificate- they received: I 'personally- ---- 
enjoyed being in the school and the relationships that were created, and it was probably 
one of the most fun aspects of the study. However, there were also a great number of 
challenges with the participant groups, which are addressed below. 
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6. Conducting Research with Children 
The biggest learning experience of this research, involved the experience of conducting 
research with children. In general I find working with children a lot of fun. They are 
dynamic and unpredictable. However, assessing children also brings with it several 
challenges. I was aware of this having worked with children in a clinical setting, 
however this does not always have such an emphasis on absolute standardisation of tests 
or their delivery, and can be tailored towards a child's needs. There is also less time 
pressure in a clinical setting, and one can spend more time getting to know a child and 
gaining their trust, or assessing at their own pace. However, the pressure in schools was 
such that children needed to be tested back to back and as quietly as possible so as not 
to disturb the other children. This was difficult as many of the children were excited at 
the deviation from their standard school routine, and thus very distractible. Many 
children, excited at their latest score, would turn to talk, and miss the next stimuli, or 
forget they what they were doing altogether! This was not helped by their friend peering 
at the window, and hoards of children passing at the sound of the school bell. Even 
curious teachers entered the testing environment to watch and ask questions, not always 
aware of the importance of the children's concentration. Some of the younger children 
also became tired towards the end of the school day, which again made it difficult for 
them to remain motivated, particularly as the tests were quite monotonous at times. 
Ultimately, encouraging the children to concentrate on the task whilst bearing in mind 
that they were volunteers and did not have to take part involved a tricky, balance,. It. was ...... _. - __. 
important to be aware the power dynamic we had entered, in that the children were at 
school and thus expected to do as adults asked them, even if this was not quite their 
preference. However, all the children were volunteers and it was important to me that 
this remained a positive experience for the children. 
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There was also a balancing act in the demands we placed upon the schools, such as 
asking for the appropriate tables and chairs, and for it to be as quiet as possible, whilst 
again being aware that they were already helping us a great deal by allowing us access 
to the school and the children. Again it was also important to be aware of building 
relationships for the University and future research, particularly as one of the schools 
had a grievance with previous researchers. It was also important to ensure we took 
utmost care of the health and safety of the children when walking them between 
classrooms, up and down stairs, and that we managed situations like trips to the toilets 
sensitively and appropriately. 
7. Conducting Research with Students 
This adult participant group also presented its own challenges. Whilst students form an 
extremely accessible participant group, who are familiar with research processes, and 
motivated by financial incentives, many also lead varied and fun social lives. This 
particularly impacts upon a study which requires participants to arrive at 9am in the 
morning! Several students did not arrive for the morning sessions, and one student 
arrived still inebriated from the previous night, having had very little sleep. In order to 
encourage attendance to all three sessions, participants were not given their incentive 
until the last session. Regardless, some students attended the first two, but not the last 
session, which meant that two sessions had been invested. in the data collection but the- -- - .. w. _ .. 
data could not be used. Unfortunately a lot of time was wasted this way. However, 
understandable there was only a small incentive for them to be reliable, and I 
understand this is often the case with participants in any study. 
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S. Advantages of Research Collaboration 
Both this project, and the initial project, involved collaborating with a many different 
parties. The OSA project involved a team of five collaborators, each with different 
expertise and vested interests, and all with multiple demands upon their time, thus 
creating a logistical challenge to simply arrange a meeting. However, I learned a great 
deal from the perspectives of Dr. Rob Primhak, Consultant Respiratory Pediatrician, 
due to his many years of experience and accumulated wisdom. Similarly, my 
collaboration with Dr. Ruth Kingshott, Polysomnographic Technologist, involved the 
marrying of hugely different perspectives and experience, towards a joint goal, giving 
me the opportunity to learn huge amounts not only about physiological measures of 
sleep, but from her incredible skills working with fragile children and generally putting 
both children and adults at ease. During this time we forged a relationship which has 
continued. 
Additionally, spending the early hours of the morning with staff in the Sheffield 
Children's Hospital, and managing the needs of a family admitted to the sleep 
laboratory overnight, was a huge learning experience, giving me an insight both into the 
experiences of children in hospital and that of the staff caring for these children. 
The largest part of my collaboration, however, was with Clare Huyton, PhD student in 
our joint pursuit of data collection. I have learned that there are many advantages to. 
collecting data collaboratively, particularly when managing groups of young children 
who cannot be left unaccompanied. Working as a pair we were able to monitor children 
taking part in each other's cognitive tests, and at times administer each other's tests, 
whilst the other party managed other issues such as liaising with parents or teachers, or 
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With respect to the adult sample it would have been better if the sample had been much 
more varied with respect to IQ, age and social demographics. This would have avoided 
the issues created by the young sample, and would have avoided some of the issues of 
motivation of this population. However, to attract a wider adult population further 
resources would have been required to attract and manage such participants. One of the 
main issues was premised to conduct the research. Whilst I was able to gain 
collaboration from a church for testing children and adults in the local community, this 
added a significant financial cost to the project which would have meant sacrificing 
participants numbers, and also there were concerns regarding insurance and ethics, 
particularly with the children. 
For both samples randomisation of participants to the two counterbalanced CoL-N and 
CoL-D conditions would have been far more scientific and would have reduced the 
impact of order effects. It would also have been a more equal comparison of the CoL-N 
and CoL-D phase had been of exactly the same length for all participants. Given the 
brevity of children's days at school, even with an after school club it was also 
impossible to create CoL-N and CoL-D phases of absolutely equal length. If each child 
could have been assessed in the home environment at lam and 7pm this would have 
provided a better comparison, however, assessing children in their own homes was too 
ethically complex and resource intensive within the constraints of this research. For 
similar practical reasons children were also not randomly allocated to the two testing 
order groups. Recruitment was already difficult and thus it was necessary to fit around ---" -". -- ..,. 
the plans of parents and the school and their attendance was dictated by their availability 
rather than the research timetable. 
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attend at 9.30am, but it was not possible to gain access to premises or felt to be 
appropriate or safe for researchers to be conducting assessments late in the evening. 
Thus again it was very difficult to obtain CoL-N and CoL-D phases of equal length. A 
further challenge of working with young students described above, was that it was again 
difficult to be sure that they had gained a full nights sleep and had not napped during the 
day. One participant was excluded due to excessive alcohol consumption but not all 
participants were likely to be completely honest about their social activities. A final 
disadvantage of students as participants is the homogenous intellectual and age 
demographic they represent, which has already discussed. 
There were also many issues with the tests which have been described in the study. 
Once adapted for children the VDT was not suitably challenging for adults, and there 
are concerns that modification may have reduced the sensitivity to CoL-N. However, 
this was a dilemma as modifications did need to be made and all efforts were made to 
maintain the essential elements of the task, but we do not have sufficient knowledge 
about testing CoL-N to know exactly what these are. The tests still remained a little 
monotonous and not as appealing for children as I would have liked and further 
investment into this, with further time and resources would be worthwhile. Ultimately, 
despite every attempt being made to make the learning tasks fun and appealing, they 
were unlikely ever to compare with the wealth of stimulation and intricate graphics 
provided by modem games consoles. In an ideal world the assessment tasks would be 
designed to a higher standard with more advance technology. Children_are.. alsQ.. easily...... 
demotivated and this was a difficult issue as it was necessary to maintain the essential 
elements of tasks such as the VDT which was essentially a difficult task to begin with, 
despite efforts to increase a training period to inspire early confidence. These factors 
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on learning. If this is successful it will identify where intervention is most needed an4 
the measures can again be utilized to monitor the effectiveness of interventions upon 
CoL-N. This in turn has the potential to have an important impact on the lives of 
children potential at risk of disturbed CoL. 
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INFORMATION SHEET 
Study title: Sleep dependent learning consolidation in children and adults 
Can you and your child help us with our research study?! 
What is study about? 
We are interesting in understanding more about how children learn and how this is 
connected to sleep. This is important as many children suffer from difficulties 
sleeping, and this may be related to poor concentration and school performance. 
However, at the moment, we dopt know how this works. Research has shown that 
when we learn a new skill, we get better at it after a night asleep. We think this is 
because the brain 'practises' the skill during sleep, and helps fix it in our memory. 
This process is called 'consolidation of learning'. The purpose of our study is to learn 
more about how children consolidate information while they are sleeping. 
We are conducting research at Sheffield Children's Hospital with children who have 
difficulties sleeping due to medical conditions such as epilepsy and sleep apnea. 
However, to understand the link between sleep and learning we need some children 
from the local community who don't have these problems to help us. 
What will be involved? 
Your child will play some learning games which are tests of memory and concentration 
including remembering a short story, tapping fingers in certain sequences and some 
computer games. These will take about 35 minutes. We would like your child to do 
these three times. They can start in the evening, then repeat the games the following- 
morning and then the following evening OR they can start in the morning and repeat 
the games the same evening and the following morning. It is important that they take 
part in the games either side of a night asleep and a day awake so we can compare 
their improvement overnight versus during the day. We may also ask you some 
questions about how well your child sleeps. 
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Do we have to take part? 
No of course not. We would be grateful for your help but it is up to you and your 
child to decide if you want to take part. If you do decide to take part, you will be 
asked to sign a consent form, but you can still change your mind at any time. 
What are the advantages and disadvantages to taking part? 
Most children find our learning games fun and enjoy taking part in something that will 
benefit other children. There are no risks to taking part in the learning games. You 
are very welcome to come with your child. There will be cake and refreshments 
available! 
Your child will be given a participant number so the results of their games will be 
anonymous and they will not be compared with other children. Nobody other than the 
researchers will have access to the results. All of our researchers have the 
necessary security clearance to work with children. 
We hope the results of the study will enhance our understanding of learning problems 
in children with sleep disorders, and may help us understand better the best course 
of treatment for such children. As we are relying on the help of families to advance 
our research we are happy to offer an incentive of £10 per child taking part, if you 
are happy for them to receive this. Please inform us if you are not. 
What if I wish to complain about the way in which this study has been 
conducted? 
If you have any cause to complain about any aspect of the way in which you have been 
approached or treated during the course of this- study, please contact Dr. Ingram 
Wright, Clinical Psychology Unit, University of Sheffield, Western Bank, Sheffield, 
510 2TP 
(Note: If your child has photosensitive epilepsy or there is any reason you feel they should not play 
computer games please inform us. If your child has any other medical conditions-or- food allergies you r,. " 
feel we need to be aware of again please discuss this with us), 
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INFORMATION SHEET 
(FOR YOUNG PEOPLE AGED 6-12YRS) 
Project title: Sleep dependent learning consolidation in children 
and adults 
Do you want to help us with our project?! 
What is the study for? 
What will I do? 
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We are finding out more about how children learn, 
and how sleep is important for learning. Some 
children have problems sleeping and this might be 
why they find school work difficult. We want to 
find out more about this, but need you to help us! 
If you want to join our project we will ask you to 
do some puzzles and computer games, which we 
hope you will find fun! They take about 35 
minutes. We will want you to do them three times 
including before you go to bed, and in the morning 
when you wake up. 
Do I have to take part? 
No of course not. We only want you to help us if you want to, and you can 
change your mind if you want to. The people you will meet are very friendly! 
You can bring your Mum or Dad with you if you want. There will be drinks 
and cakes for them while they wait! 
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How will joining in the study help? 
Your help will help us understand more about sleep and how we learn. This 
will help us find the best medicines for children who have illnesses which 
mean they can't sleep very well. 
Does it matter how well I do? 
No. This does not matter at all. We won't tell anyone else about this either. 
Your scores get written down next to your own special number so nobody 
knows which score is yours. 
Can I ask more questions? 
You can ask us any questions you like about the project. Your mummy and 
daddy can also ask us if they want to know more. 
Thank you for taking the time to read our information .9 
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Clinical Psychology Unit 
Department of Psychology 
Contacts: Sophie Thomas (07976 097596) Clare Huyton (0114 222 6644)) Dr. Ingram Wright (0114 222632) 
INFORMATION SHEET 
Study title: Sleep dependent learning consolidation in children and adults 
Can you help us with our research study?! 
What is study about? 
We are interesting in understanding more about how we learn and how this is 
connected to sleep. This is important as some people suffer from difficulties 
sleeping, and this may be related to poor concentration and daytime performance. 
However, at the moment, we don't know how this works. Research has shown that 
when we learn a new skill, we get better at it after a night asleep. We think this is 
because the brain 'practises' the skill during sleep, and helps fix it in our memory. The 
purpose of our study is to learn 'more about this. 
We are conducting research with adults and children who have difficulties sleeping 
due to medical conditions such as epilepsy and sleep apnea. However, to understand 
the link between sleep and learning we need some adults and children from the local 
community who don't have these problems to help us by taking part. 
What will be involved? 
You will take part in some learning games which are tests of memory and 
concentration including remembering a short story, tapping fingers in certain 
sequences and some computer games. These will take about 35 minutes. We would 
like you to do them three times. You can start in the-evening, then -repeat rthe games 
the following morning and then the following evening ORyouu -can-start. in : the-morning 
and repeat the games the same evening and the following morning. It is important 
that you take part in the games either side of a night asleep and a day awake so we 
can compare people's improvement overnight versus during the day. We may also ask 
you some questions about how well you sleep. 
Do I have to take part? 
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No of course not. We would really appreciate your help but it is up to you to decide if 
you want to take part. If you do decide to take part, you will be asked to sign a 
consent form, but you can still change your mind at any time. 
What are the advantages and disadvantages to taking part? 
Most people find the learning games fun. There are no risks to taking part in the 
learning games. As we are relying on your help we are offering a £10 incentive for 
taking part. 
You will be given a participant number so your results will be anonymous and will not 
be compared to those of other participants. Nobody other than the researchers will 
have access to the results. 
We hope the results of the study will enhance our understanding of learning problems 
in children and adults with disturbed sleep, and may help us understand better the 
best course of treatment for them. 
What if I wish to complain about the way in which this study has been 
conducted? 
If you have any cause to complain about any aspect of the way in which you have been 
approached or treated during the course of this study, please contact Dr. Ingram 
Wright, Clinical Psychology Unit, University of Sheffield, Western Bank, Sheffield, 
510 2TP 
(Note: If you have photosensitive epilepsy or there is any reason you feel you should not play computer 
games please inform us). 
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THE UNIVERSITY OF SHEFFIELD 
w Clinical Psychology Unit 
Department of Psychology 
Contacts: Sophie Thomas (07976 097596) Clare Huyton (0114 222 6644) ) Dr. Ingram Wright (0114 2226632) 
Consent%Assent Form 
Study title: Sleep dependent learning consolidation in 
children and adults 
Participant Identification Number: 
Name of researchers: Sophie Thomas & Clare Huyton 
Parent/ guardian to initial box 
1. I confirm that I have read and understood the information sheet for the 
above study and have had the opportunity to ask any questions. 
2. I understand that my child's participation is voluntary and that I am free 
to withdraw him/her at any time, without giving any reason, without my 
'medical care or legal rights being affected. 
3.1 agree for my child to take part in the above study 
Name of child 
Name of parent/guardian 
giving consent 
Researcher 
Date - -Signature-- - 
Date Signature 
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VIAEaf THE UNIVERSITY OF SHEFFIELD 
Clinical Psychology Unit 
Department of Psychology 
Contacts: Sophie Thomas (07976 097596) Clare Huyton (0114 222 6644)) Dr. Ingram Wright (0114 2226632) 
Consent/Assent Form 
Study title: Sleep dependent learning consolidation 
in learning and adults 
Participant Identification Number: 
Name of researchers: Sophie Thomas & Clare Huyton 
Parent/ guardian to initial box 
1. I confirm that I have read and understood the information sheet for the 
above study and have had the opportunity to ask any questions. 
2. I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical 
care or legal rights being affected. 
3.1 agree to take part in the above study 
Name 
Researcher 
Date 
Date 
Signature 
Signature 
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THE UNIVERSITY OF SHEFFIELD 
w Clinical Psychology Unit 
Department of Psychology 
6f 
Contacts: Sophie Thomas (07976 097596) Dr. Ingram Wright (0114 222632) 
Assent Form for children and young people 
(Assent means saying you agree to do something) 
Study title: Sleep dependent learning consolidation 
in children and adults 
Participant Identification Number: 
1. Have you read the information sheet about the project? 
2. Has somebody else told you about the project? 
3. Do you understand what the project is about? 
4. Have you asked any questions you want to? 
5. Have you had your questions answered? 
6. Are you happy to take part? 
Please tick the box 
If you don't want to take part, don't sign your name! If you do want to take part, 
please write your name here and today's date. If you don't like writing, you could 
draw a smiley face instead. Someone else can fill in your name for you. 
Your name 
Date 
The person who explained this project to you needs to sign too. 
Print Name 
Signature 
Date 
Note: To be accompanied by parental consent form 
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PITTSBURGH SLEEP QUALITY INDEX (PSQI) 
(Buyusse et al., 1989) 
Instructions: 
The following questions relate to your usual sleep habits during the past month ONLY. 
Your answers should indicate the most accurate reply for the majority of days and nights in 
the past month. 
Please answer all questions. 
1. During the past month, when have you usually gone to bed at night? 
USUAL BED TIlVIE 
2. During the past month, how long (in minutes) has it usually taken you to fall asleep 
each night? 
NUMBER OF MINUTES 
3. During the past month, when have you usually gotten up in the morning? 
USUAL GETTING UP TIME 
4. During the past month, how many hours of actual sleep did you get at night? (This 
may be different than the number of hours you spend in bed. ) 
HOURS OF SLEEP PER NIGHT 
For each of the remaining questions, check the one best response. Please answer all 
questions. 
5. During the past month, how often have you had trouble sleeping because you........ 
(a) cannot get to sleep within 30 minutes 
Not during the Less than Once or Three or more 
past month once a week twice a week times a week 
(b) Wake up in the middle of the night or early morning 
Not during the Less than Once or Three or more 
past month once a week twice a week times a week 
(c) Have to get up to use the bathroom. 
Not during the Less than Once or Three or more 
past month once a week twice a week times a week 
(d) Cannot breath e comfortably. 
Not during the Less than Once or Three or more 
past month once a week twice a week times a week 
(e) Cough or snore loudly. 
Not during the Less than Once or Three or more 
past month once a week twice a week times a week 
(f) Feel too cold. 
Not during the Less than Once or Three or more 
past month once a week twice a week times a week 
(g) Feel too hot. 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
(h) Had bad dreams. 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
(i) Have pain. 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
(j) Other reason(s), please describe 
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How often during the past month have you had trouble sleeping because of this? 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
6. During the past month, how would you rate your sleep quality overall? 
Very good 
Fairly good 
Fairly bad 
Very bad 
7. During the past month, how often have you taken medicine (Prescribed or "over the 
counter") to help you sleep? 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
S. During the past month, how often have you had trouble staying awake while driving, 
eating meals, or engaging in social activity? 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
9. During the past month, how much of a problem has it been for you to keep up enough 
enthusiasm to get things done? 
No problem at all 
Only a very slight problem 
Somewhat of a problem 
A very big problem 
10. Do you have a bed partner or share a room? 
No bed partner or do not share a room 
Partner/ flatmate in other room 
Partner in same room, but not same bed 
Partner in same bed 
11. If you have a bed partner or share a room, ask him/her how often in the past month 
you have had......... 
(a) Loud snoring. 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
(b) Long pauses between breaths while asleep. 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
(c) Legs twitching or jerking while you sleep. 
_ Not during the Less than Once or Three- or more ............ Past month once a week twice a week times a week 
(d) Episodes of disorientation or confusion during sleep. 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
(e) Other restlessn ess while you sleep: please describe 
Not during the Less than Once or Three or more 
Past month once a week twice a week times a week 
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PAEDIATRIC SLEEP QUESTIONNAIRE (PSO) 
(Gianotti et al., 1995) 
1. Relationship to child of person completing questionnaire (mother, father etc. ) 
2. Age of child (years) 
3. Date of birth of child 
4. Sex of child male Q female Q 
5. Please give the names of any chronic medical problems (except epilepsy) that the child 
currently has 
6. Please give the name of any learning or behavioural disabilities which the child currently 
has (e. g. ADIID, dyslexia, autism, special educational needs etc. ) 
My child... 
Always Quite often Sometimes Just a few Never 
times 
7. Goes to bed willingly 
Q Q Q Q Q 
8. Falls asleep alone Q Q Q Q Q 
9. Falls asleep. in his/her own 
bed Q Q Q Q Q 
10. Falls asleep in parental 
bed Q Q Q Q Q 
11. Wakes up 1-2 times per 
night Q Q Q Q Q 
12. Wakes up 3-4 times per 
night Q Q Q Q Q 
13. If wakes, remains awake 
for under 30 mins 
Q Q Q Q Q 
14. If wakes, remains awake 
for over 30 mins 
Q Q Q Q Q 
15. If wakes, will only fall 
asleep again with parental Q Q Q Q Q 
presence 
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16. After waking in the night 
goes to parents bed Q Q Q Q Q 
17. - Wakes up to eat 
Q Q Q Q Q 
18. Moves a lot while sleeping 
Q Q Q Q Q 
19. Sweats a lot while 
sleeping Q Q Q Q Q 
20. Shares the bedroom with 
parents (even if there is Q Q Q Q Q 
another sleeping place) 
21. Sleeps in the parental bed 
Q Q Q Q Q 
22. Twitches while sleeping or 
trying to sleep Q Q Q Q Q 
23. Wakes up from sleep 
confused and disoriented Q Q Q Q Q 
24. Talks in sleep 
Q Q Q Q Q 
25. Walks in sleep 
Q Q Q Q Q 
26. Grinds the teeth during 
sleep Q Q Q Q Q 
27. Has problems with 
bedwetting Q Q Q Q Q 
28. Wakes up from sleep 
screaming and confused Q Q Q Q Q 
29. Has bad dreams 
Q Q Q Q Q 
30. Snores while sleeping 
Q Q Q Q Q 
31. Is refreshed and in a good 
mood upon waking in the Q Q Q Q Q 
morning 
32. Is sleepy while sitting 
and/or studying Q Q Q. _ Q' Q 
33. Is sleepy while watching 
TV Q Q Q Q Q 
34. Is sleepy whilst sitting and 
talking to other people Q Q Q Q Q 
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35. Falls asleep at school D El El 
36. What time does your child usually go to bed on week nights? 
37. What time does your child usually wake up on week days? 
38. What time does your child usually go to bed on weekend nights? 
39. What time does your child usually wake up at the weekend? 
40. How long does it normally take your child to get to sleep? 
41. Does your child take naps during the day? 
yes Q no Q 
r-l 
42. If yes, for how long? 
Appendix 4 
Additional Data: Further descriptive statistics 
Results- Further Descriptive Statistics 
Visual Discrimination Task 
Session1 Session2 Session3 Phase 1 Phase 2 CoL-D CoL-N 
Score Score score Change Change Change Change 
Child 
Mean 68.3 72.5 74.3 4.2 1.9 2.3 3.7 
Child 
Standard 
deviation 9.9 11.2 11.4 8.6 7.0 7.5 8.3 
Adult 
Mean 86.3 903 91.0 4.0 0.7 2.8 1.9 
Adult 
Standard 
deviation 23.2 24.3 26.5 6.8 4.7 5.9 6.2 
Pursuit Tracking Task 
Session] Session2 Session3 Phase ] Phase 2 CoL-D CoL-N 
Score Score score Chan e Change Change Change 
Child 
Mean 255.1 238.0 236.0 17.2 2.0 8.1 11.0 
Child 
Standard 
deviation 66.9 73.6 74.0 31.6 41.7 40.0 3 5.3 
Adult 
Mean 151.8 128.1 129.6 23.7 -1.5 05 20.9 
Adult 
Standard 
deviation 52.5 42.9 42.6 23.1 15.7 34.2 32.1 
Matrix Reasoning 
Adult Participants Child Participants 
t score Scaled score t score Scaled score 
Mean 54.5 11.4 51.0 10.5 
Standard deviation 8.0 2.5 9.5 2.9 
Sleep Questionnaire 
Child Sample Mean Standard deviation 
Age 8.4s 2.1 
Sleep time 10.9 0.7 
Parent child interactions 5.8 2.7 
Sleep fragmentation 8.6 2.4 
Parasoninias 11.6 3.1 
Drowsiness 8.6 2.5 
Bedtime difficulties 8.8 3.6 
Adult Sample Mean Standard deviation 
Age 21.9 4.1 
Sleep time 7.7 1.2 
_Sleep 
quality 1.1 0.8 
Sleep medicine 0.2 0.6 
Sleep latency 2.5 2.1 
_ 
_Sleep 
d sfunction 1.7 1.2 
_Sleep 
disturbances 6 4.5 
_Sleep efficiency 
89.2 9.2 
